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ABSTRACT

Green tea, derived from the Camellia sinensis plant, has been prized throughout history for its potential medicinal 
properties. It has been shown to contain polyphenols, such as flavones and flavonoids, which possess antioxidant properties 
and may benefit cardiovascular health and protect against neurological diseases. Chemical compounds in green tea are 
identified using qualitative and quantitative techniques. This descriptive and comparative study analyzed three green 
tea samples collected at a licensed shopping center in Lima, Peru. A qualitative method called phytochemical screening 
was used, which allowed identifying the presence of secondary metabolites such as flavonoids, alkaloids, phenols and 
tannins. Likewise, the results of the present research were compared to the results of green tea samples collected 
in Cuzco (Peru) and Kano (Nigeria), referenced by previous studies using the same phytochemical screening method. 
The data are presented in descriptive tables. The main findings show a heterogeneous presence of tannins among the 
samples collected in Lima, and compared to the reference samples from Cuzco and Kano, possibly lower concentration 
of flavonoids and phenols. Regarding manufacturing, it was found that two samples collected in Lima did not comply 
with the current regulations in the items of scientific name of the product, medicinal use of the product, and secondary 
metabolite reference. This study demonstrates heterogeneity in the phytochemical and manufacturing profile of the 
green tea samples collected in Lima, a situation that could be reflected in aspects of safety and efficacy for consumers. 
Therefore, further research on green tea for human consumption is needed to broadly understand the benefits versus 
risks due to its impact on human health.

Keywords: Green tea; Phytochemicals; Manufactured Materials; Camellia sinensis (Source: MeSH NLM).	

INTRODUCTION

1	Universidad de San Martín de Porres, School of Human Medicine, Instituto de Investigación (Research Institute), Centro de Investigación de 
Medicina Tradicional y Farmacología (CIMTFAR - Research Center for Traditional Medicine and Pharmacology). Lima, Peru.

2	Universidad de San Martín de Porres, School of Human Medicine, Instituto de Investigación (Research Institute), Programa de Investigación 
Multidisciplinaria (Multidisciplinary Research Program). Lima, Peru.

3	Universidad de San Martín de Porres, Sociedad Científica de Estudiantes de Medicina (SOCIEM – Scientific Society of Medical Students). Lima, 
Peru.

4	Colegio Médico del Perú (Peruvian Medical Association), Comité Permanente de Medicina Tradicional, Alternativa y Complementaria (Standing 
Committee on Traditional, Alternative and Complementary Medicine). Lima, Peru.

5	Sociedad Peruana de Farmacología y Terapéutica Experimental (SOPFARTEX – Peruvian Society of Pharmacology and Experimental Therapeutics). 
Lima, Peru.

a	 PhD in Medicine, doctor of Medicine, research professor; b Bachelor of Medicine, doctor of Medicine; c Medical student at Universidad de San 
Martín de Porres.

*Corresponding author.

Green tea (Camellia sinensis) is a beverage that has a deep-
rooted history in human culture. It has been traditionally 
attributed medicinal properties, and in recent years, 
interest in its health benefits has increased, accompanied 
by numerous studies. The processed leaves of Camellia 
sinensis, native to Southeast Asia, are used: they are 
prepared by drying the leaves through steam (Japanese 
method) or by heating (Chinese method) (1,2).

This plant is recognized for its medicinal uses as a 
stimulant of alertness, a diuretic, an astringent, a 
digestion promoter, and an enhancer of mental processes. 
It also contains polyphenols in proportions of 20 % to 36 %, 
active ingredients with proven antioxidant capacity, and 

potential cardiovascular, metabolic and neurological 
benefits (3-5).

On the other hand, there is evidence regarding the toxicity 
of green tea, which is related to the intake amount. The 
main adverse effects include hepatotoxicity, gastritis, 
diarrhea, vomiting, headache, insomnia, tachycardia, and 
anemia in pregnant women (6,7).

The determination of secondary metabolites in a medicinal 
plant or in commercial products based on such plant can 
be carried out through phytochemical screening, which 
allows for confirming the qualitative presence of alkaloids, 
flavonoids, phenols and tannins, among others (8). On 
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the other hand, recognizing the chemical structure and 
quantity of these compounds requires techniques based 
on spectrophotometry, high-performance chromatography 
and magnetic resonance (8). It is important to recognize 
the chemical profile of the plant, as it allows inferring and 
predicting its biological properties (9).

The sale of commercial products based on medicinal plants 
is subject to the guidelines of the manufacturing process 
for formally sold products, according to Chapter V of the 
General Health Law (1997), Articles 88, 89 and 91. It states 
that a food and/or beverage suitable for consumption is 
one that complies with the characteristics established 
by health and quality standards approved by the national 
health authority, and that the product should only be sold 
after obtaining sanitary registration and subject to hygienic 
and sanitary surveillance to protect public health (10).

Medicinal products that are formally sold with sanitary 
registration in Peru must reach users while complying with 
quality, safety, and efficacy standards, particularly those 
marketed for health benefits. This research presents the 
phytochemical and manufacturing profile of three green 
tea samples that are formally sold in Lima, Peru.

THE STUDY

This is a descriptive and comparative study conducted 
at the Centro de Investigación de Medicina Tradicional y 
Farmacología (CIMTFAR - Research Center for Traditional 
Medicine and Pharmacology) of the School of Human 
Medicine at Universidad de San Martín de Porres. Three 
green tea samples were studied, collected through  
non-probabilistic and convenience sampling. The collection 
period was during April 2017.

It was categorized as formal retail sale, according to the 
following criteria:

•	 Sale at a shopping center with an operating 
license: supermarket, store, drugstore or others

•	 Has sanitary registration 
•	 Is packaged.

To collect the green tea sample, three brands were 
obtained from a supermarket in the district of Jesús María, 
province of Lima, and categorized as brands A, B and C.

Regarding the manufacturing characteristics of the 
products, the presence versus absence of data on the 
printed packaging was considered, in accordance with the 
provisions of Article 91 of Chapter V of the General Health 
Law (10), Article 114 of Title VIII of the Regulation on Health 
Surveillance and Control of Food and Beverages (approved 
by Supreme Decree No. 007-98-SA  (11), and Article 116 of 
Title VIII of the Regulation for the Registration, Control 

and Health Surveillance of Pharmaceutical and Related 
Products (approved by Supreme Decree No. 010-97-SA) (12). 
Based on the foregoing, the study included the following 
items:

•	 Commercial name of the product
•	 Common name of the product
•	 Scientific name of the product
•	 Date of packaging
•	 Expiration date
•	 Lot number
•	 Sanitary registration number
•	 Nutritional information
•	 Recommended use
•	 Precautions
•	 Others (proper sealing, medicinal use information, 

secondary metabolite information)

The phytochemical screening was performed using the 
method described by Trease and Evans in 1989 (13-15). 
The first step was to obtain the secondary metabolites 
by exposing the sample to a hydroalcoholic solvent and 
macerating for one week. The extract was then subjected 
to the following tests:

•	 Shinoda test for flavonoids. One milliliter of the 
test solution is taken, a small magnesium ribbon 
and 10 drops of concentrated HCl are added, and 
the mixture is shaken well. The appearance of a 
pink to cherry red coloration, or red to orange 
precipitate indicates a positive reaction.

•	 Dragendorff test for alkaloids. The test solution is 
placed on filter paper, and then the Dragendorff’s 
reagent is sprayed. The positive reaction is 
indicated by the formation of a brown halo or an 
orange precipitate.

•	 5 % ferric chloride test for phenols. One ml 
of the test solution is taken and two drops of 
ferric trichloride solution (1 % FeCl3) are added. 
The appearance of a green, blue or black color 
indicates a positive result.

•	 10 % gelatin test for tannins. One ml of the test 
solution is taken and five drops of gelatin reagent 
are added to the sample without heating, to 
prevent gelatin denaturation. Then, five drops of 
5 % NaCl are added to enhance the visibility of the 
reaction, after which it is left to stand for a few 
minutes. The positive reaction results in a whitish 
or turbid precipitate.

The chemical reaction was expressed in colorimetric 
changes of the solution, which were described qualitatively 
as the presence (or absence) of secondary metabolites: 
“+++” (abundant), “++” (moderate), “+” (slight), and “-” 
(absence).

Additionally, the results of this study were compared with to 
those of two phytochemical screening studies of Camellia 
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sinensis from samples that were cultivated, collected 
and taxonomically identified, from Cuzco (Peru) (16) 

and Kano (Nigeria) (17).

The results obtained were collected in an ad hoc form and 
are presented descriptively in a table.

RESULTS

The study of formally sold green tea (Camellia sinensis) 
demonstrated a homogeneous presence of flavonoids, 
alkaloids and phenols, but a heterogeneous presence of 

tannins, with moderate amounts in samples B and C, and 
slight amounts in sample A (Table 1).

On the contrary, in the referenced and taxonomically identified 
samples from Cuzco and Kano, the presence of phenols and 
flavonoids was lower in the formally sold samples.

Upon reviewing the manufacturing characteristics, 
heterogeneity was observed in the data related to 
secondary metabolites, as well as in indications for 
medicinal use, which promote such use both directly and 
indirectly (Table 1).

Table 1. Comparison of the phytochemical screening and manufacturing characteristics of formally sold green tea (Camellia sinensis) samples

Samples of this study Reference samples

“A” “B” “C” Cuzco, Peru Kano, Nigeria

Phytochemistry

Flavonoids ++ ++ ++ +++ +++

Alkaloids + + + + +

Phenols + + + +++ ++

Tannins + ++ ++ ++ -

Manufacture

Common name of the product Yes Yes Yes NA NA

Scientific name of the product Yes Yes No NA NA

Proper sealing Yes Yes Yes NA NA

Packaging date Yes Yes Yes NA NA

Sanitary registration Yes Yes Yes NA NA

Expiration date Yes Yes Yes NA NA

Lot number Yes Yes Yes NA NA

Nutritional information Yes Yes Yes NA NA

Medicinal use Yes † No Yes ‡ NA NA

Secondary metabolites No Yes* Yes* NA NA

Phytochemistry, legend: (+++) abundant presence; (++) moderate presence; (+) slight presence; (-) absence.
Manufacture, legend: (†) for prevention and treatment, due to hypolipidemic, antihypertensive, hypoglycemic and weight loss effects; 
(‡) for prevention and treatment, due to weight loss, hypolipidemic and antihypertensive effects; (*) presence of secondary metabolites 
such as flavonoids, alkaloids, tannins and phenols. NA = not applicable/not evaluated.

DISCUSSION

Traditional medicine attributes several medicinal uses to 
green tea. The main ones include improving alertness, 
digestive symptoms and headaches, and promoting 
weight loss. On the other hand, laboratory studies on the 
properties of Camellia sinensis confirm its stimulation of 

the central nervous system such as the ergogenic effect and 
gastric secretagogue effect. It also exhibits hypolipidemic, 
antiaggregant, angioprotective, anti-inflammatory and 
antioxidant actions, as well as antibacterial effects. 
Additionally, a meta-analysis study reported that, in 
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humans, it may benefit by reducing cardiovascular risk 
factors such as glycemia and lipids (1,2,4,5,7).

In contrast, laboratory studies of acute and subacute 
exposures, in the dose range of 2,000 to 2,500 mg/kg 
of green tea extract, do not demonstrate toxic or lethal 
effects, suggesting that they would be considered suitable 
for use in food. However, there are studies in humans that 
refer a probable association between Camellia sinensis 
intake and hepatotoxicity events, which would be related 
to excessive oxidative stress in the target organ (1,6,16,18).

The biological properties or effects described for green tea 
are supported by the presence of its secondary metabolites, 
such as alkaloids, flavonoids, phenols and others (1-3). 
Peruvian regulations do not require a phytochemical 
screening for granting food sanitary registration for 
the samples in this study (11,12,19), as confirmed by the 
labels of two formally sold samples, which report the 
active ingredients. Furthermore, the phytochemical 
screening conducted in this study showed the presence 
of phytochemical compounds with heterogeneous 
distribution, and in smaller proportion, compared to the 
reference samples from Cuzco and Kano. Similarly, this has 
been reported for formally sold products made of Peruvian 
plants such as muña and maca (20,21). Thus, this reality 
is contrary to the precept of quality, standardization, 
regulation and surveillance, and could also be reflected 
in the variability of the potential beneficial or adverse 
effects of this medicinal beverage.

On the other hand, as corroborated in this study, tea 
is formally sold as a domestic beverage (either as food 
product or dietary supplement), with labeling and packaging 
that include indications for medicinal use contradicting 
the General Health Law (10), which states the following: 
“Medicinal plants that are offered without references to 
therapeutic, diagnostic or preventive properties can be 
freely marketed.” Furthermore, the same law stipulates 
as follows: “The sale of a medicinal plant as a medicinal 
product requires stricter guidelines, and the sale of these 
products must be carried out by personnel who comply with 
the established health requirements and conditions. Such 
requirements include phytochemical screening, taxonomic 
identification, toxicity studies and clinical efficacy studies.” 
The latter is endorsed by the Law on Pharmaceutical 
Products, Medical Devices and Health Products (22), which 
states the following: a) “The marketing of herbal medicines, 
their preparations obtained in the form of extracts, 
lyophilized forms, distillates, tinctures, decoctions or any 
other galenic preparation with therapeutic purposes, in 
the condition of compounded medications, pharmacopeial 
preparations or drugs, is subject to the requirements and 
conditions established by the relevant regulations;” and b) 
“Traditional medicinal plants and other natural resources 
for medicinal use that are offered without references to 

therapeutic, diagnostic, or preventive properties can be 
marketed without sanitary registration.”

The World Health Organization (WHO) recognizes and 
promotes the rational use of products derived from 
traditional medicine, and proposes clear and direct 
strategies, including the rule-making, regulation and 
oversight of traditional medicine, in order to maximize 
their benefits for people’s health (23,24). Although this study 
has limitations—such as the sample size, the omission of the 
quantitative identification of active ingredients, and lack of 
taxonomic identification—it demonstrates contradictions 
to Peruvian regulations and WHO recommendations. These 
facts should alert the authorities, in a more prolific work, 
in favor and protection of human and consumer health.

In conclusion, a heterogeneous phytochemical profile of 
tannins was observed in the study samples, while the profile 
was homogeneous for alkaloids, flavonoids, and phenols. 
Likewise, manufacturing noncompliance was reported in 
the study samples according to national regulations.
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