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Introduction

Pathogens implicated in diarrhea cases and other enterocyte-
infecting organisms have caused high mortality among chil-
dren and adults in most developing countries of the world. 
These pathogens have been isolated from both fresh and 
ready-to-eat food specimens (milk, meat, etc.),1 water and 
the environment.2 Some of such potential pathogens are 
members of Salmonella spp, Shigella spp, Yersinia spp, 
Escherichia coli, Vibrio spp, Bacillus spp, Enterobacter spp, 
Plesiomonas spp, Klebsiella spp, Proteus spp, Serratia spp, 
Aeromonas spp, etc. Major infections associated with the 
aforementioned potential pathogens have remained a public 
health concern due to the multiple antibiotic resistance 
(MAR) revealed in the studies of various investigators.3–6

The need for alternative control strategies is currently on 
the increase as these potential pathogens have been reported 
to be the carriers of multiple antibiotic-resistant genes 

ranging from the extensive drug resistance toward pan drug 
resistance. The MAR has been shown to pose major global 
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threat to the health systems.4,5 It has been reported that the 
world is quickly going faster toward the post-antibiotic era 
than that was predicted and alternative medicine promises a 
future.7 An alternative medicine or therapeutic strategy may 
employ the use of tested bioactive agents from medicinal 
plants.8 Going by recent reports, medicinal plants have 
shown relevance as noteworthy pharmacological compo-
nents against cancerous cells9 while also having antioxidant 
potential, and effective against diverse infections and antibi-
otic-resistant organisms. Majority of such plant-based com-
ponents include flavonoids, saponins, alkaloids, steroids, 
tannins, terpenoids, glycosides, and carotenoids, which may 
serve as potential drug leads.9–11

Camellia sinensis (green tea leaves) are consumed as  
beverage and water additive worldwide due to its folkloric 
benefits.12 It has shown numerous health benefits among 
consumers, including protection against heart-related (car-
diovascular) diseases, cholesterol reduction, sugar reduction, 
and anticancer activity.13–15 Recently, due to some preposi-
tions by some consumers, it is being used as an antibacterial 
agent and diarrhea- or enteric infection-controlling agent for 
consumers within the tropical regions.

One of the best, fastest, and most precise procedures for 
detecting different chemicals is gas chromatography–mass 
spectrometry (GC-MS),16 which is useful in detecting various 
compounds such as alcohols, alkaloids, nitrogenous com-
pounds, long-chain hydrocarbons, organic acids, steroids, 
esters, and amino acids in medicinal plants.16,17 Also, to com-
pensate for volatile or semi-volatile bioactive compounds 
present in plant extract and to access their relevant activities, 
GC-MS is of utmost important. This study investigated the 
antibacterial, antioxidant, and cytotoxic activities as well as 
the bioactive components of C. sinensis leaf extracts.

Methods

Study area

This is a laboratory experimental study conducted for a 
period of February 2019–June 2019 with samples of C. sin-
ensis collected from the farm lands of ANKOLE tea farms in 
Ishaka Municipality, Bushenyi district, Uganda.

Plant collection and authentication

The locally consumed C. sinensis was authenticated by a 
plant taxonomist from the Department of Pharmacognosy, 
Kampala International University (KIU) Uganda. The 
voucher number of the specimen (HOPE-PHA-2019/02) was 
deposited at the School of Pharmacy herbarium, KIU.

Preparations of plant extracts

The leaves of C. sinensis were aseptically packed in sterile 
polythene bags and transported to the Department of 
Pharmacology Laboratory, KIU. They were shade-dried at 

room temperature for some weeks and later pulverized to 
powder using a clean mortar and a pestle, and stored in the 
desiccator until use.

Ethanol extract of the leaves was obtained using the cold 
maceration method as described previously.18,19 Briefly, 50 g 
of the powdered leaves was weighed and soaked with 800 ml 
of absolute ethanol for 72 h, followed by agitation twice 
every 24 h. Afterwards, the mixture was filtered using 
Whatman No. 1 filter paper into a sterile beaker, concen-
trated by centrifugation, covered with aluminum foil and 
stored at (2–8°C).

Phytochemical and GC-MS analysis of  
C. sinensis leaves’ ethanol extract

The recommended standard methods of Sofowora20 and 
Trease and Evans21 for quality screening of phenolics, alka-
loids, flavonoids, steroids, saponins, and cardiac glycosides 
were adopted.

The GC-MS was used to characterize the bioactive con-
stituents in this study. Briefly, the ethanol extract of the  
C. sinensis leaves, which showed high antibacterial activity, 
was analyzed using a Clarus 500 Mass Spectrometer 
(PerkinElmer, Waltham, MA, USA). It consists of a mass 
spectral library (Mass Hunter-Library-NIST14.LIB GC-MS) 
that was used for the identification of components in the GC/
MS analysis. Its detectable mass ranges from 35 to 500 m/z, 
while its ion source and interface temperature were 200°C 
and 250°C, respectively. The start and end times (2.50 min 
and 47.14 min, respectively), column oven temperatures 
(40°C), and injection temperatures (25°C) were used. 
Injection mode was split and flow control mode was set at a 
pressure of 100 kPa. Total flow was 13.9 ml/min while col-
umn flow was 1.78 ml/min with a linear velocity of 48.1 cm/s. 
Purge flow was kept at 3.0 ml/min and a split ratio of 5.1. 
The oven temperature was programmed first at 40°C for 
5 min with an increase of 5°C min−1 to 80°C, then 5°C min−1 
to 300°C for 5 min.

Antioxidants activity of the C. sinensis ethanolic 
extracts

Nitric oxide scavenging activity of C. sinensis ethanolic extracts.  
About 0.5 ml of different concentrations (20, 40, 60, 80, and 
100 μ/ml) of C. sinensis ethanol extract was mixed with 2 ml 
of 10 mM sodium nitroprusside dissolved in 0.5 ml phos-
phate buffer saline (pH: 7.4). The assortment was incubated 
at room temperature for 2 h and 30 min. Afterward, 1 ml of 
the incubated solution was added to 1 ml of Nedd reagent 
and incubated at room temperature for 30 min. Absorbance 
was measured using a spectrophotometer at 540 nm.  
Ascorbic acid was used as the standard. Blank was 1 ml of 
water, 2 ml of sodium nitroprusside, and 1 ml of Nedd rea-
gent. Control was 2 ml of sodium nitroprusside, 0.5 ml of 
phosphate buffer, 1 ml of Nedd reagent, and 0.5 ml of 
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methanol.23 The number of nitric oxide (NO) radicals scav-
enged was determined using the formula shown below:

% Inhibition   x 1=
−









Ac As

AC

00

where Ac = absorbance of the control, As = absorbance of the 
plant extract.

DPPH free radical scavenging activity of C. sinensis ethanolic 
extracts. The 2,2-diphenyl-1-picrylhydrazyl (DPPH) radical 
scavenging activity was determined by adopting the protocol 
reported by Braca et al.22 An aliquot of 2 ml of 0.04% DPPH 
solution in ethanol and 1.0 ml of ascorbic acid/C. sinensis extract 
at different concentrations were mixed, shaken vigorously, and 
allowed to get to a steady state for 30 min at room temperature in 
a dark chamber. DPPH decolorization was obtained by measur-
ing the absorbance at 517 nm against a control prepared by add-
ing 1 ml ethanol to 2 ml of DPPH. To determine the percentage 
inhibition of DPPH radicals scavenging ability of the extract/
compound, the absorbance values of the control were compared 
to the experimental tubes and calculated using:

% Inhibition   x 1=
−
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where Ac is the absorbance of control and As is the 
absorbance of extract/ascorbic acid.

Toxicity assay (Brine shrimp). The toxic effect of C. sinensis 
leaf ethanol extracts was assayed using Brine shrimp model 
to attain treatment safe doses (LD50).

23 Briefly, different con-
centrations of C. sinensis extract (2, 60, 100, and 1000 μg/
mL) solutions of 1% dimethyl sulfoxide (v/v) were added to 
10 mL natural lake water (Lake Ngunguta Rubirizi Uga-
nada). This was followed by the addition of 10 nauplii to 
each test tube content. Afterward, changes were observed at 
8 h and survivors were counted after 24 h. The test was done 
in duplicates with a control group of distilled water only. The 
lethal concentration for 50% mortality (LC50) after 24 h of 
exposure was determined using the probit method as the 
measure of toxicity determination of the ethanolic extract.

Bacterial strain collection. Standard type culture collection of 
resistance strains of Salmonella enterica and E. coli that we 
previously isolated from meat and milk1 were resuscitated 
from stored culture slant of the Department of Microbiology 
Laboratory, KIU Teaching Hospital for culture within 3 h of 
collection. Isolates were sub-cultured onto Salmonella Shi-
gella agar and MacConkey agar, incubated at 37°C for 24–
48 h. Discrete colonies were used for susceptibility testing.

Determination of antibacterial activity. The agar well diffusion 
method was applied.24 Cells were subcultured from the glyc-
erol stock, streaked onto pre-prepared nutrient agar plates 

while colonies were sub-cultured onto the test tube of 5 mL 
sterile normal saline and adjusted to obtain turbidity matching 
0.5 Mc-Farland standards. Prepared isolates were seeded onto 
Muller Hinton agar plates, with 0.5 mm diameter wells made 
by a sterile micro cork-borer. Within 5–10 min, 60 and 80 µg/
ml of C. sinensis crude ethanol extract was aliquoted onto 
each well. The plates were allowed to stand for 2 h to enable 
even diffusion of extract into the agar. Sterile distilled water 
was used as a negative control. The plates were inverted and 
incubated at 37°C for 24 h. All tests were done in duplicates 
and the antibacterial activity was expressed as the mean diam-
eter of inhibition zones produced by the extract. Using a trans-
parent ruler, the inhibition zones around the extract were 
measured to the nearest millimeter and recorded.

Effect on diarrhea-induced rabbit ilia. Apparently, healthy 
white rabbits (3) were acclimatized in a cage for 2 weeks and 
exposed to treatment with chloroform to temporarily put 
them to sleep. Using sterile surgical blade, their peritoneum 
was opened to assess the ilia, while the ilia was ligated into 
five loops. A 0.5 mL pre-prepared microbial suspension 
(supernatant of cold centrifuged peptone water containing 
24 h culture of Salmonella spp and E. coli) was released/
injected into each loop. Loop A contains 0.5 mL sterile water 
plus 0.5 mL saline, Loops B and C contain 0.5 mL microbial 
suspension plus 0.5 mL sterile water, Loops D and E contain 
0.5 mL microbial suspension and 0.5 mL green Tea leaf 
extracts (C. sinensis). Thereafter, the experimental animals 
were allowed to rest for 24 h on the cage to wake up.

Test for the effect of C. sinensis extract on bacterial-challenged 
shrimp mortality. The mortality rate reduction was conducted to 
evaluate the antibacterial efficacy of the different concentra-
tions of extract on the survival of shrimp challenged with the 
confirmed isolates. One liter of natural lake water (Lake Ngun-
guta Rubirizi Uganda) was collected into the conical flask 
while 10 shrimp per test were made to acclimatize in the coni-
cal flask. A control group of similar conical flask content was 
prepared but contains distill water and sterile normal culture 
medium, while the various treatment concentrations (5, 40, and 
60 μg/ml) were prepared as describe previously.25 The experi-
mental shrimps in each test were fed with commercial diet to 
satiation twice a day followed by renewing of 10% water con-
tent with regular monitoring of water quality (pH, tempera-
ture). Then, shrimps were challenged with bacteria (E. coli and 
Salmonella spp) typed culture at a predetermined density of 
104 CFU.mL−1. After 24 h of bacterial inoculation, different 
concentrations of ethanol extracts were added to the experi-
mental conical flask with further incubation. After 4 days of 
incubation, the experiment was terminated and survival rate of 
shrimp in each test was evaluated and compared with control.

Statistical analysis. All experiments were performed in tripli-
cates and data were expressed as mean and standard error of 
mean, comparisons were done with the analysis of variance 
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using graph prism version 8.0.2, which was followed by 
Fisher’s least level of significant difference to test significant 
differences at p < 0.05 with regression analysis using R.

Results

Phytochemical analysis of C. sinensis

The phytochemical analysis conducted reveals the presence 
of six groups of bioactive compounds belonging to the 
groups of phenolics, alkaloids, flavonoids, steroids, sapo-
nins, and cardiac glycosides as depicted in Table 1.

GC-MS analysis of C. sinensis leaf ethanolic 
extracts

A total of 52 bioactive components were identified from the 
ethanol extract of C. sinensis using the GC-MS analysis in 
the chromatogram (Figure 1). Table 2 shows the retention 
time (RT), peak area of components (A%), observed chemi-
cal components nomenclature, molecular formula, and the 
various molecular weight of components. Three of the  
components observed (2-hydrazino-8-hydroxy-4-phenyl-
quinoline, oxazole, 2-(3-methoxyphenyl)-5-phenyl,- and 
2-(4-cyanophenyl)-5-dimethylaminom ethylenaminopy-
rimidine) produced the highest RT of 65.939 and a peak area 
of (A%) 0.77. Noteworthy was the observation of a β-lactam 
antibiotic building block; imidazole-4-carboxamide at RT 
of 13.740, in addition to other antimicrobial components 
such as benzofuran, 2,3-dihydro-, methanol (1-ethyl-2-ben-
zimidazolyl)(2-methoxyphenyl)-, 3-pyrrolidinecarboxam-
ide, 1-methyl-N-[4-(octyloxy)phenyl]-5-oxo-, 2-pyrazoline, 
5-(4-fluorophenyl)-3-(4-methoxyphenyl)-1-phenyl-, 
1,4-benzenediamine, N1,N4-bis[4-(dimethylamino)phe-
nyl]-, etc., with high RT ranging from 45 to 63 as given in 
Table 2.

Antioxidant activity of C. sinensis ethanol extract

C. sinensis inhibits DPPH radical in vitro. The scavenging 
potential of DPPH radical by C. sinensis is shown in a  
range of concentration from 20, 40, 60, 80, and 100 µg/m. 
The percentage inhibition of DPPH was increasing by 
ascorbic acid and C. sinensis as the dose increased from 20  
up to 100 µg/ml. The percentage inhibitions of DPPH by  

C. sinensis (62.44 ± 0.36%; 46.86 ± 0.29%; 42.71 ± 0.01%; 
26.82 ± 0.18 %; 17.21 ± 0.36%) were higher than those of 
vitamin C (56.83 ± 0.28%; 39.85 ± 0.32%; 32.47 ± 0.26 %; 
19.50 ± 0.17%; 10.12 ± 0.06%) of the same dose, respec-
tively (Figure 2).

C. sinensis inhibits NO radical in vitro. The scavenging poten-
tial of NO radical by C. sinensis is shown in a range of con-
centration from 20, 40, 60, 80, and 100 µg/m. The percentage 
inhibition of NO was increasing by ascorbic acid and  
C. sinensis as the dose increased from 20 up to 100 µg/ml. 
The percentage inhibitions of NO by C. sinensis (72.34 ±  
0.94 %; 56.86 ± 0.29 %; 52.84 ± 0.20 %; 46.78 ± 0.21%; 
26.23 ± 0.69%) were higher than those of vitamin C 
(60.63 ± 0.49%; 50.79 ± 0.19%; 47.85 ± 0.45%; 34.51 ± 0.51 
%; 24.11 ± 0.34 %) of the same dose (Figure 3).

C. sinensis toxicity assay (Brine shrimp). The brine shrimp 
lethality assay is a simple and inexpensive bioassay used for 
testing the efficacy of phytochemicals present in the plant 
extracts. Maximum concentration of mortalities at 1000 μg/
ml and least mortality at 2 μg/ml concentrations were used. 
We observe that the extent of lethality was directly propor-
tional to the concentration of the extract. This indicates that 
an increase in the concentration of C. sinensis produced a 
proportionate death of shrimp within 8 h of test and optimal 
death observed at a concentration of 65 μg/ml (LC50) after 
24 h. All the shrimps in the control group survived while the 
shrimps in other treated groups died after 8 h and the highest 
death recorded at 24 h, the termination period of the test. The 
LC50 was calculated using a probit analysis. A concentration 
of LC50 = 66.8145 μg/ml was observed to be optimal below 
which all exposed shrimp survived during the test. The LC50 
(median LC) values were calculated using the regression line 
obtained by plotting the concentration against the death per-
centage on a probit scale (Figure 4).

Antibacterial activity of extract

Susceptibility profile of C. sinensis extract on isolates. Figure 5 
shows the susceptibility pattern of the confirmed isolates to 
the C. sinensis ethanolic extracts using an agar well diffusion 
technique. The observed zones of inhibition were measured 
in millimeter (mm) using a transparent meter rule and com-
pared with CLSI (2017)26 guidelines for antibiotic determi-
nation and there were found to be within the susceptible 
range. The increase in susceptibility as the concentration of 
extracts was increased from 60 to 80 μg/ml is an indication 
of the concentration dependence of the extract (Table 3). On 
a general observation, it could be inferred that there is a 
wider zone of susceptible region indicating the antibacterial 
potential of the extract. It also shows that the extract may be 
beneficial in controlling the proliferation of such food-asso-
ciated potential pathogens. This is further affirmed by the 
reports of the GC-MS analysis of biomolecular characterized 

Table 1. Phytochemical screen of Camellia sinensis.

Phytochemicals Confirmation in C. sinensis

Phenolics +
Alkaloids +
Flavonoids +
Steroids +
Saponins +
Cardiac glycosides +
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Figure 1. GC-MS spectrum of purified Camellia sinensis ethanol extract with peaks of bioactive components.
GC-MS: gas chromatography–mass spectrometry.

components as most constituents of the leaf extracts include 
among them antibacterial derivatives and subunits.

Effect of C. sinensis extract on diarrhea-induced rabbit ilia. It 
was observed that diarrhea is induced in the Loops B and C 
as there was an engorged and an accumulation of fluid in 
these loops when compared with the negative control Loop 
A. The Loops D and E showed no observable accumulation 
of fluid when compared with the negative control Loop A, 
indicating the diarrhea-depleting antimicrobial effect of the 
C. sinensis extract (other details reported elsewhere).

Reduce mortality effect of C. sinensis extract on 
bacterial-challenged shrimp

The various effect on tested isolates is shown among E. coli. The 
reduced mortality effect of different concentrations of C. sin-
ensis ethanolic extract on E. coli-challenged shrimp is shown 
in Figure 6. The test which determines the reduction of mor-
tality of bacterial-challenged shrimps has revealed concen-
tration dependence with a significant statistical difference 
from control group. The number of shrimps that survived 
after 4 days of exposure to E. coli-challenged shrimp and the 
C. sinensis treated both in the control and test groups were 
higher in control at 60 μg/ml as they both revealed similar 
expression/effect and concentration dependence.

The various effect on tested isolates are shown among  
Salmonella spp. The reduced mortality effect of different 
concentrations of ethanol extract of C. sinensis on Salmo-
nella spp-challenged shrimp is shown in Figure 7. This test, 
which determines the reduction in mortality of bacteria-chal-
lenged shrimps, has revealed concentration dependence with 
a significant statistical difference from control group. The 
number of shrimps that survived after 4 days of exposure to 
Salmonella spp.-challenged shrimp and the C. sinensis 
treated both in the control and test groups were higher in 
control and MT-Ki1S (60 μg/ml). PCR-confirmed isolates of 
Salmonella spp. from both meat and milk were treated sepa-
rately as they both revealed similar expression/effect and 
concentration dependence.

Discussion

The green tea leaf was classified under the Kingdom: Plantae, 
Order: Ericales, Family: Theaceae, Genus: Camellia, and 
Species: sinensis. The phytochemical analysis of C. sinensis 
leaf extracts reveals the presence of six groups of bioactive 
compounds belonging to the groups of phenolics, flavonoids, 
saponins, cardiac glycosides, etc. Most green leaves and 
seeds11 from the tropical region and their various plant 
extracts have been observed to possess diversity of phyto-
chemical compounds which affirms their folkloric usage as 
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Table 2. Identified active constituents of extract of Camellia sinensis by GC-MS.

Pk# RT Area% Library/ID Ref# CAS#

1 4.369 0.45 Hydrazine, 1,1-dimethyl- 281 000057-14-7
2 5.423 1.13 Benzoyl bromide 51,665 000618-32-6
3 5.423 1.13 1-Propanone, 2-bromo-1-phenyl- 76,920 002114-00-3
4 5.423 1.13 1,2,4-Triazine-3,5(2H,4H)-dione,6-benzoylthio- 110,140 024168-34-1
5 6.643 0.16 Nonanal dimethyl acetal 54,331 018824-63-0
6 6.643 0.16 Dodecane, 1,1-dimethoxy- 93,306 014620-52-1
7 6.643 0.16 2-Oxiranecarboxylic acid, 3-(2,2imethoxyethyl)-3-methyl-, methylester 69,261 099183-76-3
8 12.747 0.19 Cyclotetrasiloxane, octamethyl- 155,950 000556-67-2
9 13.74 0.28 6-Azabicyclo[3.2.1]octane 6268 000279-85-6

10 13.74 0.28 Isoxazole, trimethyl- 6222 010557-82-1
11 13.74 0.28 Imidazole-4-carboxamide 6158 026832-08-6
12 22.469 0.21 Benzofuran, 2,3-dihydro- 9568 000496-16-2
13 22.469 0.21 Benzeneethanamine, N-(3-chloropropyl)-.alpha-methyl- 75,243 017243-57-1
14 25.168 1.25 N-Methylhexamethylenimine-2-carboxylic acid, ethyl ester 52,037 005228-34-2
15 25.168 1.25 Propargylamine, N-trimethylsilyl- 11,984 1063798-95-7
16 25.168 1.25 Phenol, 3-fluoro- 6465 000372-20-3
17 29.621 0.35 1,2,3-Benzenetriol 11,326 000087-66-1
18 30.919 0.47 Phenol, 4,4′-methylenebis[2,6-dimethyl- 117,512 005384-21-4
19 30.919 0.47 Ethanone, 1-[4-methoxy-3-(4-methylphenoxy)phenyl]- 117,342 116345-94-9
20 30.919 0.47 3,5-Dimethyl-1-dimethylphenylsilyloxybenzene 117,408 1000307-90-6
21 31.865 0.11 Lethane 67,742 000112-56-1
22 31.865 0.11 2-Deoxy-D-galactose 35,215 001949-89-9
23 31.865 0.11 1,2-Epithio-3-hexanol 14,669 1000101-71-4
24 47.636 82.69 Caffeine 60,145 000058-08-2
25 48.208 0.14 Bicyclo[4.1.0]heptane, 3-methyl—7pentyl- 48,036 041977-48-4
26 48.208 0.14 cis,cis-1,9-Dimethylspiro[5.5]undecane 48,028 1000111-73-4
27 48.208 0.14 9-Octadecen-1-ol, (Z)- 128,819 000143-28-2
28 51.864 0.42 Hexadecanoic acid, ethyl ester 144,309 000628-97-7
29 55.437 1.74 Phytol 155,849 000150-86-7
30 56.879 0.22 Linoleic acid ethyl ester 167,367 000544-35-4
31 56.879 0.22 13-Tetradece-11-yn-1-ol 72,625 1000131-00-4
32 57.066 0.26 Ethyl 9,12,15-octadecatrienoate 165,627 1000336-77-4
33 57.066 0.26 9,12,15-Octadecatrienoic acid, ethyl ester, (Z,Z,Z)- 165,643 001191-41-9
34 59.098 0.44 1,3,7,9-Tetramethyluric acid 88,059 002309-49-1
35 59.098 0.44 1H-Purine-2,6-dione, 3,7-dihydro-8-(hydroxymethyl)-1,3,7-trimethyl- 88,064 004921-51-1
36 59.098 0.44 3-(3-Indolyl)-5-oxo-3-pyrazoline-4 87,381 1000240-73-4
37 61.646 1.65 Naphthacene-5,12-dione, 6,11-dihydroxy-2,3,8,9-tetramethyl- 202,784 076640-24-9
38 61.646 1.65 8-[1-Adamantyl]-1,3-diamino-5,6-dihydrobenzo[f]quinazoline 202,811 037436-45-6
39 61.646 1.65 Ethyl 2-(4-nitrophenyl)-7-oxo-7H-1,3,4-thiadiazolo[3,2-a]pyrimidine-5-carboxylate 201,939 082077-88-1
40 62.363 1.57 3-Pyrrolidinecarboxamide, 1-methyl-N-[4-(octyloxy)phenyl]-5-oxo- 202,583 1000337-29-3
41 61.668 0.09 Estra-1,3,5(10)-trien-17-ol, 2,3,4-trimethoxy-, (17.beta.)- 202,722 004314-54-9
42 61.668 0.09 3-pyrazolidinone, 1-[3-(dodecyloxy)phenyl]- 202,743 1000402-50-4
43 62.169 3.73 Naphthacene-5,12-dione, 6,11-dihydroxy-2,3,8,9-tetramethyl- 202,784 076640-24-9
44 62.169 3.73 Estra-1,3,5(10)-trien-17-ol, 2,3,4-trimethoxy-, (17.beta.)- 202,722 004314-54-9
45 62.363 1.57 2-Pyrazoline, 5-(4-fluorophenyl)-3-(4-methoxyphenyl)-1-phenyl- 202,795 259668-50-3
46 62.363 1.57 1,4-benzenediamine, N1,N4-bis[4-(dimethylamino)phenyl]- 202,810 1000402-50-3
47 64.489 1.01 Tetracosanoic acid, methyl ester 228,681 002442-49-1
48 65.893 0.54 Methanol, (1-ethyl-2-benzimidazolyl)(2-methoxyphenyl)- 141,943 292052-56-3
49 65.893 0.54 Ethyl 2-cyano-trans-3-(2-naphthyl)acrylate 112,481 029708-01-8
50 65.939 0.77 2-Hydrazino-8-hydroxy-4-phenylquinoline 112,397 104926-85-4
51 65.939 0.77 Oxazole, 2-(3-methoxyphenyl)-5-phenyl- 112,471 038705-20-3
52 65.939 0.77 2-(4-Cyanophenyl)-5-dimethylaminomethylenaminopyrimidine 112,314 150405-58-6

GC-MS: gas chromatography–mass spectrometry; RT: retention time.
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food additive and control of various disease conditions. C. 
sinensis has shown such phyto-compounds of relevance 
which are similar to the observations of various investigators 
on phyto-compounds found among green leaves.10,27–31 The 
crude extracts were further characterized using GC-MS. The 
spectra/chromatogram of the GC-MS showed 52 bioactive 
components as was further identified using database of the 
NIST 11 software which was installed in the spectrometry 
machine. These compounds were predicted based on 
PubChem database (NIH) and structures imported appropri-
ately. Some of the observed bioactive components had been 
previously reported for their anti-inflammatory, anticancer, 
antioxidant antimicrobial, and nematicidal potential.32 These 

compounds include hexadecanoic acid, ethyl ester, 1,2,3- 
benzenetriol (pyrogallol), caffeine (alkaloid), xanthine (alka-
loid), palmitic acid, palmitic acid ethyl ester, phytol (diter-
pene), alkane and fatty aldehydes, etc.

The α-linolenic acid (9,12,15-octadecatrienoic acid, ethyl 
ester, (Z,Z,Z)-), which was observed during the study, has 
also been previously reported for its potential effect on 
heart-related cases and their tendency to lower cardio-
vascular cases.32 Other observed components possess anti-
bacterial and antimicrobial potential, some of them include: 
phytol, imidazole-4-carboxamide, naphthacene-5,12-dione, 
6,11-dihydroxy-2,3,8,9-tetramethyl-, naphthacene-5,12-di-
one, 6,11-dihydroxy-2,3,8,9-tetramethyl-, etc. The potentials 
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Figure 2. DPPH activity of Camellia sinensis ethanol extract. Each bar represents the mean ± SEM of triplicate experiments.
DPPH: 2,2-diphenyl-1-picrylhydrazyl; SEM: standard error of the mean.
*p < 0.05 versus ascorbic acid of the same dose.
#p < 0.05 versus C. sinensis of the same dose.
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Figure 3. NO activity of Camellia sinensis ethanol extract. Each bar represents the mean ± SEM of triplicate experiments.
NO: nitric oxide; SEM: standard error of the mean.
*p < 0.05 versus ascorbic acid of the same dose.
#p < 0.05 versus C. sinensis of the same dose.
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of constituents from C sinensis have also been previously 
reported by numerous investigators.33,34 The three most 
abundant compounds among the components observed were 

(2-hydrazino-8-hydroxy-4-phenylquinoline, oxazole, 
2-(3-methoxyphenyl)-5-phenyl- and 2-(4-cyanophenyl)-
5-dimethylaminom ethylenaminopyrimidine) which 

Figure 4. Toxicity effect of Camellia sinensis ethanolic extract.

Figure 5. Susceptibility of the isolates to antibiotics and C. sinensis extract.
Yellow = susceptible range, pink = dose dependent (intermediate), black = resistance.
AM: amoxicillin; CIP: ciprofloxacin; CTX: cefotaxime; CN: gentamicin; CZ: cefazolin; K: kanamycin; NA: nalidixic acid; NI: nitofurantoin; PB: polymixin B.



Hope et al. 9

produced the highest RT of 65.939 and a peak area of (A%) 
0.77. The chromatogram further reveals all the components 
of the crude extracts, while the most abundant in content are 
caffeine (82.69%), naphthacene-5,12-dione, 6,11-dihydroxy-
2,3,8,9-tetramethyl- (3.73%), estra-1,3,5(10)-trien-17-ol, 
2,3,4-trimethoxy-, (17.beta.)- (3.73%), phytol (1.74%), 
naphthacene-5,12-dione, 6,11-dihydroxy-2,3,8,9-tetramethyl- 
(1.65%), 8-[1-adamantyl]-1,3-diamino-5,6-dihydrobenzo 
[f]quinazoline (1.65%), ethyl 2-(4-nitrophenyl)-7-oxo- 
7H-1,3,4-thiadiazolo[3,2-a]pyrimidine-5-carboxylate  
(1.65%), 3-pyrrolidinecarboxamide, 1-methyl-N-[4-(octyloxy) 
phenyl]-5-oxo-(1.57%), 2-pyrazoline, 5-(4-fluorophenyl)-3-
(4-methoxyphenyl)-1-phenyl- (1.57%), 1,4-benzenedi-
amine, N1,N4-bis[4-(dimethylamino)phenyl]- (1.57%) in a 
reducing order, etc. Noteworthy was the observation of a  
β-lactam antibiotic building block; imidazole-4-carbox-
amide at RT of 13.740, in addition to other antimicrobial 

components such as benzofuran, 2,3-dihydro-, methanol, 
(1-ethyl-2-benzimidazolyl)(2-methoxyphenyl)-, 3-pyrrolidi-
necarboxamide, 1-methyl-N-[4-(octyloxy)phenyl]-5-oxo-, 
2-pyrazoline, 5-(4-fluorophenyl)-3-(4-methoxyphenyl)-1-
phenyl-, 1,4-benzenediamine, N1,N4-bis[4-(dimethylamino)
phenyl]-, etc., with high RT ranging from 45 to 63.

The antioxidant potential of C. sinensis extract was con-
ducted using the DPPH and NO activity. The extracts show 
maximum and optimum scavenging ability for DPPH radi-
cals at half maximal effective concentration (EC50) as the 
concentration of extracts increases. There was also a maxi-
mum and optimum scavenging ability of the ethanolic 
extracts of C. sinensis for NO radicals at EC50 as extracts 
concentration increases. It is also an indication of appropri-
ate antioxidant activity and/or potential of the extracts 
which is further affirmed by the detection of phytol (diter-
pene), hexadecanoic acid, ethyl ester, 1,2,3-benzenetriol 
(pyrogallol), caffeine (alkaloid), xanthine (alkaloid), pal-
mitic acid, palmitic acid ethyl ester, alkane, and fatty alde-
hydes in the GC-MS chromatogram as these aforementioned 
components are known for their effective antioxidant char-
acteristics. This is similar to the reports of Dorkbuakaew 
and his colleagues who observed the presence of similar 
bioactive agents in their study.30 Similarly, anti-inflamma-
tory compounds were detected in the extract as previously 
reported.30

The toxicity assay reveals that the extent of lethality was 
directly proportional to the concentration of the extract. This 
is an indication that with an increase in the concentration of 
green tea leave extract, there is a proportionate death of 
shrimp within 8 h of test and optimal death observed at a 
concentration of LC50 = 66.815 μg/ml after 24 h. On reduced 
mortality effect of C. sinensis extract on bacterial-challenged 
shrimp, the test revealed a concentration dependence with a 
significant statistical difference from control group. The 
number of shrimps that survived after 4 days of exposure to 
E. coli-challenged shrimp and the C. sinensis-treated both in 
the control group/in test group were higher in control and at 
60 μg/ml. This has occurred for both the shrimp challenged 
with E. coli and Salmonella spp.

The type culture collection used for the test possess resist-
ant phenotypes which is an indication of antibiotic failure, 
should antibiotics be used in the treatment of any disease 
case implicated by any of them. In our previous surveillance 
studies,3–5 it was reported that resistant phenotypes do occur 
among some enterocyte-associated bacterial pathogens 
which indicates failure of the various antibiotic regimen used 
which arouse the need for alternative effective antibiotics. 
The isolates with resistant phenotypes were further exposed 
to the C. sinensis ethanolic crude extracts in an in vitro anti-
bacterial determination test which reveals an appreciable 
susceptible effect on the isolates E. coli and Salmonella spp. 
Among the 29 tested collections, one of them (3.4%) was 
resistant to the C. sinensis extract at 80 μg/ml, whereas 28 
(96.6%) were susceptible, while three (10.3%) fell within the 

Table 3. Concentration and antibacterial activity of Camellia 
sinensis against isolates.

Isolates Zone of inhibition by C. sinensis ethanolic extracts

80 μg/μl 60 μg/μl

Mt-Ki1S 21 17
Mt-Ki2S 23 20
Mt-Is1S 21 18
Mt-Is2S 18 8
Mt-Is3S 10 17
Mt-Bu1S 19 18
Mt-Bu2S 21 17
Mt-Ka1S 20 17
Mt-Ka2S 20 19
Mt-Ka3S 20 18
MK-Ki1S 22 20
MK-Ki2S 20 18
MK-Is1S 22 8
MK-Is2S 24 18
MK-Bu1S 25 18
MK-Bu2S 22 17
MK-Bu3S 19 15
MK-Ka1S 18 15
MK-Ka2S 19 16
MT-Is1E 20 15
MT-Is2E 21 17
MT-Bu1E 20 16
MT-Bu2E 22 19
MK-Ka1E 22 20
MK-Ka2E 22 19
MK-Is1E 20 16
MK-Is2E 21 20
Mt-Ki1E 20 18
Mt-Ki2E 18 8

Bu: Bushenyi collection; E: E. coli; Is: Ishaka collection; Ka: Kashenyi collec-
tion; Ki: Kizinda collection; MK: multidrug-resistant milk; MT: multidrug-
resistant meat; S: Salmonella spp.
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resistance range and 26 (89.7%) were susceptible using a 
concentration of 60 μg/ml. The study determined minimum 
bactericidal concentration and minimum inhibitory concen-
tration using serial dilution with measured zone diameter of 
inhibition (ZDI) in the various concentration of extracts 
which has an optimum at 60 and 80 μg/ml and ZDI ranging 
from 14 to 22 mm. It is important to note that these organ-
isms are potential enteric pathogens of human and animals 
which are implicated in most diarrhea infection cases in 
addition to enterotoxigenicity, enterohemorrhagic, uropatho-
genicity, etc. Observing such relevant susceptible effect on 

these potential pathogens is an indication for their potent 
usage in the control of these organisms when involved in a 
disease situation. The concentration of green tea leaf extracts 
(C. sinensis) which show such zone of inhibition ranged 
from 20 to 100 μg/ml with significant effect observed at 60 
and 80 μg/ml concentrations. This report is similar to the pre-
vious results,33,34 that showed that C. sinensis possesses 
potential antibacterial activity against various bacterial path-
ogens. This observation was further affirmed by the effect of 
C. sinensis ethanolic extracts on the diarrhea-induced ilia of 
rabbit as the loop containing extract failed to show 
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Figure 6. Reducing mortality effect of Camellia sinensis ethanolic extract on E. coli-challenged shrimp. Each bar represents the 
mean ± SEM of triplicate experiments, (a) Meat, (b) Milk.
E. coli-challenged shrimp; Mt-Is1E, Mt-Ka1E, MK-Bu1E, and MK-Is1E are E. coli isolated from meat and milk samples from Is = Ishaka, Ka = Kashenyi, and 
Bu = Bushenyi.
SEM: standard error of the mean.
*p < 0.05 versus ascorbic acid of the same dose.
#p < 0.05 versus C. sinensis of the same dose.
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accumulation of fluid (details reported elsewhere). These 
observed antibacterial and diarrhea-depleting effects of C. 
sinensis may also be attributable to the various antimicrobial 
components harbored by the green tea leaves (C. sinensis) 
including phytol, imidazole-4-carboxamide, naphthacene-
5,12-dione, 6,11-dihydroxy-2,3,8,9-tetramethyl-, 6,11-dihy-
droxy-2,3,8,9-tetramethyl-, naphthacene-5,12-dione, etc. as 
previously reported by Uma et al.33 and George et al.34

It is important to note that the study only focused on the 
effect of the ethanol extract of C sinensis without determin-
ing the impact of the individual components as potential bio-
active components, which is a limitation of this study that 

could be explored in the future. Also, the power analysis for 
sample size on animals’ selection was not done since it was 
not fully animals-based experimental but an in vitro study.

Conclusion

This study has revealed that components of C. sinensis etha-
nol extract possess antibacterial, diarrhea-depleting, and 
anti oxidant potentials. It also has phytochemical constituents 
including flavonoids, alkaloids, phenolics, saponin, cardiac 
glycosides, etc. The GC-MS analysis further affirmed the 
potential of the extract by revealing 52 bioactive 
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Figure 7. Reducing mortality effect of Camellia sinensis ethanolic extract on Salmonella spp-challenged shrimp, (a) Meat, (b) Milk.
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components/compounds as shown in the chromatogram. 
Observing these components in green leaves and plants fur-
ther affirms the constituents’ eco-friendliness. The various 
bioactive components with their potential activity in the 
aforementioned health-related situations need to be exploited 
for the benefit of man and the environment. Those with anti-
bacterial potential may be applied as drug or antibiotic, lead-
ing to the improvement of the various antibiotic regimens 
and can also be used in the control of major multiple antibi-
otic-resistant organisms both in the health systems and in the 
environment.
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