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Abstract 

Objective: To evaluate the effect of the ingestion of a fibrous extract of Stevia 
rebaudiana Bertoni stems on postprandial glycemia levels in healthy subjects.
Materials and Methods: Cross-sectional, experimental research, carried out 
with ethical conditions of consent and reliability, in the Laboratory for the 
Evaluation of Nutritional Status of the Autonomous University of Carmen. 
For the clinical and anthropometric assessment of the participants, a medical 
history and body composition scan were used, respectively. The study population 
consisted of 16 healthy women with normal body mass indices (20-25 kg/m2). 
Instruments: a) Clinical-dietetic record and b) Biochemical data obtained from 
blood sampling obtained at different times. The data analysis was carried out 
with descriptive statistics.
Results: The results shown in the group of participants in this study, it was 
observed that the mean value of the area under the curve (AUC) of glucose was 
709.18 ± 23.60, while that of the fibrous extract of stevia stems was 556.59 ± 
50.47 .
Conclusions: Stevia rebaudiana stems, due to their dietary fiber content, can 
be an alternative for the use and revaluation of sustained waste in the circular 
economy in the development of functional products, giving it an added value 
that contributes in some way to reducing overweight and obesity, with a 
hypoglycemic effect in patients with type 2 diabetes mellitus (DM).
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Resumen 

Objetivo: Evaluar el efecto de la ingesta de un extracto fibroso de tallos de Stevia 
rebaudiana Bertoni sobre los niveles de glicemia postprandial en sujetos sanos.
Materiales y Métodos: Investigación transversal, experimental, realizada 
con condiciones éticas de consentimiento y confiabilidad, en el laboratorio de 
Evaluación del Estado Nutricional de la Universidad Autónoma del Carmen. 
Para la valoración clínica y     antropométrica de los participantes se utilizó 
una historia clínica y escáner de composición   corporal, respectivamente. La 
población de estudio fue conformada por 16 mujeres sanas con índices de masa 
corporal normales (20-25 kg/m2). Instrumentos: a) Expediente clínico-dietético y 
b) Datos bioquímicos obtenidos de la toma sanguínea obtenidos en los diferentes 
tiempos. Se realizó el análisis de los datos con estadística descriptiva. 
Resultados: Los resultados mostrados en el grupo de  participantes en este 
estudio, se observó que  el valor medio del área bajo la curva (AUC) de la 
glucosa fue de 709.18 ± 23.60, mientras que el del extracto fibroso de tallos de 
stevia fue de 556.59 ± 50.47.
Conclusiones: Los tallos de Stevia rebaudiana Bertoni. por su contenido en fibra 
dietética, pueden ser una alternativa para el uso y revalorización de residuos 
sostenidos en la economía circular en el desarrollo de productos funcionales, 
otorgándole un valor agregado que contribuye de alguna manera a reducir el 
sobrepeso y la obesidad, con efecto hipoglucemiante en pacientes con diabetes 
mellitus (DM) tipo 2.
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Introduction 

The postprandial state (from Latin post-prandium) is defined 
as the period following the consumption of food; therefore, 
glycaemia and postprandial dyslipidemia refer to the variation 
in plasma glucose and lipid concentrations, respectively. 
Scientific evidence shows that there is a correlation between 
the abnormal postprandial state and the development of 
atherosclerosis1,2. During the postprandial metabolism of food 
fats, lipoproteins abundant in triglycerides of intestinal origin 
are generated that can interact with circulating leukocytes, 
with macrophages and with cells of the smooth muscle of 
the vascular wall. This can cause localized accumulation 
of lipids, as well as variations in the expression of genes 
related to atherosclerosis. Similarly, it has been observed 
that lipid deposits in the arteries are not only a consequence 
of the high concentration of low-density lipoproteins (LDL) 
in the plasma but are also the result of a normal process of 
absorption, transport, and deposition. serum lipids. On the 
other hand, experimental studies indicate that the size of the 
particle is a key point and determinant of atherogenicity. 
The size of the LDL particles (18-25 nm) and the HDL 
high-density lipoprotein (10-25 nm) allow them to cross the 
endothelium, however, their effect is opposite since LDL is 
atherogenic and HDL is antiatherogenic. This is due to the 
participation of HDL in the so-called reverse cholesterol 
transport3.

Atherosclerosis is a systemic inflammatory disease with a 
high predisposition to trigger cardiovascular diseases, it 
develops gradually, its pathogenesis is multifactorial, genetic 
and environmental factors intercede, that is, unhealthy habits 
(no physical activity, non-beneficial diet rich in fat , sugars, 
alcohol consumption and smoking)4, it is a process in which 
the arteries of medium and large caliber enlarge and become 
rigid, there is a distensibility of the vessel, accumulation 
of atheroma plaques, response of inflammatory mediators 
, damage to the endothelium and formation of thrombi, 
excess cholesterol can precipitate in the form of crystals 
within the macrophage (cells specialized in the localization 
and phagocytosis of bacteria and other organisms), that 
activates inflammasomes, cytoplasmic complexes with 
rich proteins that play a primary role in the inflammatory 
process (cytokine 1L1β), there is recent evidence that the 
NLRP3 inflammasome is a key point in the progression of 
atherosclerosis5,6, without a doubt the ight inflammation is 
the fundamental part of many chronic diseases, it has been 
observed that this process is related to age, at older age 
there is an exponential increase in the risk of inflammation, 
becoming a factor in the development of cardiovascular 
disease (CVD), related with affections to the heart or blood 
vessels, the most frequent are coronary artery disease, stroke, 
venous thrombosis, cardiomyopathy, hypertensive heart 
disease, thromboembolic disease and arrhythmia7.

Currently there are studies focused on evaluating and 
characterizing dietary fiber in various sources of residues 
of different plant species8,9,10 considering the role and 
its beneficial chemical and biological attributes of its 
consumption in health, which is why there is interest in the 
food industry to use it in the manufacture of high consumption 
products such as bakery and pastries.

Dietary fiber is an entity made up of different compounds, 
in relation to its chemical structure, its physical and 
biological properties, it is a heterogeneous mixture of 
different compounds, which is why it has been the subject 
of controversy to define it, dietary fiber comes from various 
sources , like vegetables, it is considered with prebiotic 
effects with functional activity, this depending on the type 
of fiber and the microbiota of the individual, its function in 
health goes beyond the nutritional aspect, it is not absorbed 
or digested in the intestinal tract superior, reach the colon 
intact where they are attacked by the intestinal microbiota11.

Dietary fiber exerts an action in the protective control against 
cardiovascular diseases, as well as in the decrease of the 
postprandial serum concentration of glucose and insulin, 
both in healthy individuals and in those suffering from 
Diabetes mellitus (DM); the mechanism is explained by the 
increase in the viscosity of the nutrient content in the small 
intestine, which delays the diffusion of glucose towards 
the ciliated border of the intestinal mucosa; the binding of 
glucose to dietary fiber (DF) and a decrease in its availability 
for absorption; and the inhibition of the action of α-amylase 
on starch12.

There is scientific evidence on the medicinal and nutritional 
properties, among others, of Stevia leaves13; facilitates 
digestion, gastrointestinal functions and maintains the feeling 
of vitality and well-being, due to the presence of water (80% 
to 85%), glycosides, β-carotene, chromium, riboflavin, 
cobalt, magnesium, potassium, iron, phosphorus, thiamine, 
zinc, etc. Through various investigations it has been shown 
that the extracts of stevia leaves are safe for use in food 
and beverages for the entire population in general, without 
any side effects, through various investigations it has been 
shown that the extracts of the Stevia leaves are safe for use 
in food and beverages for the entire population In general, 
without any side effect14, however there is little scientific 
literature on the physicochemical and biological properties 
of stevia (Stevia rebaudiana Bertoni ) stems, these tissues 
are generally considered as waste, so they are little used, 
some reports of the literature mention about the attributes 
of these tissues, they constitute a good source of bioactive 
compounds with different mechanisms of action15, among 
these compounds is dietary fiber16 which could be used to 
develop functional foods for the regulation of energy intake 
and reduction of intestinal absorption of nutrients, improving 

Research articleEffect of the consumption of stevia rebaudiana stems on glycemia

179 Horizonte sanitario  /  vol. 21, no. 2, may - august 2022
http://revistas.ujat.mx/index.php/horizonte

https://creativecommons.org/licenses/by-nc-sa/4.0/


Horizonte sanitario  /  vol. 21, no. 2, mayo - agosto 2022
http://revistas.ujat.mx/index.php/horizonte

Licencia CC BY-NC-SA 4.0

yes the energy available, according to the above, the intention 
of this study was to evaluate the effect of consumption of a 
fibrous extract of Stevia rebaudiana Bertoni on postprandial 
glycemia levels in healthy subjects.

Materials and Methods

Raw Materials

Stems of Stevia rebaudiana Bertoni, Morita II variety, 
provided by the Mochochá Experimental Field, National 
Institute of Forestry, Agricultural and Livestock Research 
(INIFAP), Yucatán, Mexico were used. The phenotypic 
traits of the selected variety are: thick-branched stems and 
elliptical-shaped leaves arranged in an opposite way. The 
samples were obtained from the first cut of the plants of the 
experimental plots at the age of three months and were dried 
for three days, from 9:00 to 12: 000, in periods of sun-shade.

Once the stems were obtained, they were dried in a Fisher 
Scientific oven (USA) at 50° C for 24 hours, processed in 
a Thomas Wiley Model 4 toothed mill (USA) and finally 
sieved on a 2 mm mesh.

Obtaining fibrous residue

Sodium bisulfite (NaHSO3) 1500 ppm 17 was used in a ratio 
of 1: 5 (p/v)  and it was allowed to react for 30 minutes 
stirring constantly. Subsequently, the resulting solution was 
filtered using a mesh number 80 and the non-filtered material 
(fiber) was dried at 50° C for 24 hours in a Fisher Scientific 
oven (USA).

Type of study and ethical considerations

The approach of the present study is cross-sectional and 
experimental, carried out with ethical conditions of consent 
and reliability. For this, the guidelines established in the 
Declaration of Helsinki18 were followed and the protocol of 
this project was approved by the Bioethics Committee of the 
Faculty of Health Sciences of UNACAR (Oficio  de registro: 
F.C.S./I.287/19). Each participant voluntarily agreed to 
participate, and their signatures were collected on an 
informed consent letter, with a confidential nature assured.

Inclusion and exclusion criteria.

Inclusion criteria: age, normal body mass index, sex, health 
status.

Exclusion criteria: suffering from or having a disease, being 
in control with any medication, presence of pregnancy.

Anthropometric and biochemical measurements

The study population (16 women) underwent a detailed 
medical history in order to have family and personal history 
data, as well as a physical examination to determine the 
normal state of health of the participants. The instruments 
used were: a) Clinical-dietary record and b) Biochemical 
data derived from the blood sample at different times.

Medical records were used to assess state of health of the 
participants and for the analysis of body composition, a RJL 
brand equipment, Quantum III model, year 2009 and a Seca 
brand wall stadiometer, model 2006, s/a were used. For the 
analysis of serum glucose, a Chenwell 2910 equipment was 
used, which is based on the glucose oxidase method19.

Postprandial trial

The study population was made up of 16 healthy women 
(without chronic degenerative diseases) and with body mass 
index (BMI) within the normal category. The inclusion 
criteria were age, normal body mass index, sex, health status, 
the exclusion criteria: suffering from or having a disease, 
being in control with any medication, presence of pregnancy.

All participants were recruited in the Laboratory for the 
Evaluation of Nutritional Status of the Faculty of Health 
Sciences of the Universidad Autónoma del Carmen, 
Campeche. First, there was an introductory session, where 
the volunteers were explained the methodology to follow; In 
this session, informed consent signatures and medical history 
data were also collected to validate their health status.

To carry out the test, the participants were instructed to 
have dinner the day before at 9:00 p.m. and that it consist of 
standardized dishes (quesadillas, sandwiches, hot cakes, etc.) 
that did not exceed 600 kcal. Similarly, it was confirmed that 
24 hours prior to the experiment they had not drink alcohol 
or performed excessive physical activity. Likewise, a fast of 
at least 10 hours prior to the test was indicated.

The postprandial trial was carried out using three experimental 
phases: reception, administration of the extract and 
measurement of glycemia. On each day of the experimental 
session, the volunteers were summoned at 07:00 hours and 
after their arrival they were given a 10-minute rest (reception 
phase). After resting, the first glucose measurement was 
performed (Time 0’) and immediately afterwards, 5 g of 
fibrous extract of Stevia stems (B.S.) mixed in 250 ml of water 
(extract administration phase) were administered orally. 
At 15 minutes the second blood extraction was carried out  
(T 15’) and subsequently at 30, 45, 60, 90 and 120 minutes  
(T 30’, T 45’, T 60’, T 90’ and T 120’, respectively); measuring 
the serum glucose concentration at each time (measurement 
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phase). During the course of the experiment, the participants 
could drink only 200 ml of water and could not sleep or 
engage in physical activity. The test was repeated seven days 
apart but using 75 g of anhydrous glucose dissolved in 250 
ml of water as a control.

Glycemic index estimation

The glycemic index is recognized as a measure to establish 
the acute impact of carbohydrates in a food on blood glucose. 
According to the above, foods with a high glycemic index 
promote an increase in glycemia, and the opposite happens 
with those with a low glycemic index.

It was carried out based on a standardized methodology19 
with some modifications. Using the glycemia values   of the 
times described in the postprandial test, the percentage of 
glycemia variation at the different times was estimated, as 
well as the area under the curve (AUC); both for the fibrous 
extract and for glucose. Based on the above, the glycemic 
index (GI) was estimated using the following formula:

Finally, the average of the individual GIs was calculated, and 
this was reported as the GI of the fibrous extract.

Statistic analysis

First, the data normality test was performed using the 
Shapiro-Wilk test, both for the descriptive variables of the 
population and for the glycemia values   by time. Based on 
the normal distribution of the data, paired T tests were used 
to identify differences in means.The values   are reported 
as the mean ± standard deviation, values were considered 
statistically significant at p<0.05.

For the paired data analysis, the SPSS Version 2020 statistical 
program was used, and the GraphPad Prism 7.0 program was 
used to calculate the areas under the curve. 

Results

The evaluation was carried out in a sample of 16 young 
and healthy female volunteers. The population median was 
22 years old, and the mean BMI was 21.6 kg / m2 ± 1.69 
(Table 1). The foregoing reveals that the study population 
presented a normal weight, since according to the BMI 
criteria proposed by the World Health Organization (WHO) 
21 it is categorized within the “normal” range.

  Table 1. General characteristics of the studied population                                      

Variable Results
Age (years) 22 (22, 23)
Weight (kg) 54.26 ± 6.85
Height (cm) 157.93 ± 6.03
BMI (kg/m2) 21.68 ± 1.69

Source: elaboration from own data

Considering that time 0 (T 0’) of the postprandial test 
corresponds to fasting glycemia, it was observed that no 
participant showed altered glucose levels, according to the 
diagnostic criteria of the American Diabetes Association22. 
In this same sense, no statistical differences were observed 
between the means of the T 0’ glycemia of the test with the 
fibrous extract and the control test with glucose (86.50 ± 6.40 
mg / dL and 84.62 ± 7.42, respectively; p = 0.225) (Figure 1).

When comparing between the different times, it was observed 
that there were statistical differences in the times T 15’, T 
30’, T 45’, T 60’ T 90’ and T 120’, between the glycemia of 
the test with the fibrous extract and of the control test with 
glucose (p <0.05). At these same times, significantly lower 
glycemic values   were observed in the test with the fibrous 
extract (p<0.05)(Figure1).

Figure 1. Glycemic response to treatments. * p <0.05, ** p
<0.001. Paired T-Student test

Source: elaboration from own data

Another relevant aspect is that when comparing T 0’ and T 
120’ in the control test with glucose, it was observed that 
the glycemia at the end time (91 ± 12.89 mg / dL) was 
significantly higher than the baseline glycemia (84.62 ± 
7.42 mg / dL) (p = 0.029). This shows that, in the study 
population, 120 minutes after ingesting a glucose load is 
not enough to recover baseline blood glucose levels. This 
was a contrary condition to that observed in the treatment 
with the fibrous extract, since after 120 minutes of ingestion 
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of this, the glycemia was significantly lower than the basal 
glycemia (80.4 ± 9.69 and 86.5 ± 6.4, respectively; p = 
0.006). Statistical differences were even observed between 
the glycemia in T 120’ of the control group and the fibrous 
extract (p = 0.001). No statistical differences were observed 
between the glycemia at T 0’ of the control group and the 
treatment group (p = 0.225) (Figure 2).

Figure 2. Glycemic response to treatments at times 0’ and 
120’. *p <0.05. Paired T-student test.

Source: elaboration from own data

The average value of the area under the curve (AUC) of 
glucose was 709.18 ± 23.60, while that of the fibrous extract 
of stevia stems was 556.59 ± 50.47 (figure3).Statistical 
analysis revealed that the AUC of glucose was statistically 
higher than that of fiber extract (p = 0.0001). Based on these 
data, it was estimated that the glycemic index of the fibrous 
extract was 79.2%, which makes it similar to foods such as 
whole wheat bread23.

Figure 3. Area under the curve of treatments.

Source: elaboration from own data.
  

Discussion 

According to analyzed data in this study, the glycemic 
response with the fibrous extract was significantly lower 
than with the glucose control; It can be seen that before 
consumption the mean of the reference food was 89mg / DL 
at minute 15; with the fibrous extract it was reduced (84.62 
mg / DL), and at 120 minutes it was 129mg / DL (reference 
food), and 97mg / DL (fibrous extract); the results shown 
were similar to the trial reported in another study24 .

In a report with extracts from Stevia leaves25 the results were 
optimal at minute 20 after stevia overload; In a different trial 
to measure and compare the postprandial effect of dietary 
fiber with other digestible carbohydrates26 it was observed 
that at minute 30 the postprandial effect was lower with 
dietary fiber than in the samples of digestible carbohydrates, 
the evidence shows that there is a notable decrease of 
glucose; Scientific evidence about dietary fiber demonstrates 
its favorable effects on health, such as the benefit in the 
absorption and regulation of blood sugar levels, promote 
the health of the intestinal microbiome, help control 
healthy weight, inducing satiety, promote digestive health, 
stimulate the reduction of total cholesterol in the blood, 
decrease the risk of developing cancer, among others27. In 
the different studies, there are positive results that indicate 
that stevia extract can be used as an additive into food. In 
the aforementioned study24   3 different formulations were 
used: 25%, 50% and 75% of the stevia extract, in our study 5 
grams of extract were used and similar results were obtained, 
reducing blood glucose in the study subjects. However, for 
Antón25 study, the formulation of stevia used to make his 
product is not shown. Specific studies by administering 6 
g of partially hydrolyzed gum agar (soluble fiber) at each 
meal for twelve months, it was observed that postprandial 
plasma glucose levels and triglycerides were significantly 
reduced; the American Diabetes Association recommends 
the consumption of 20 to 25 g / day in healthy people and 
up to 50g / day in people with Diabetes; However, the 
amounts present limitations in palatability and secondary 
gastrointestinal problems28 in Mexico there are not complete 
tables of fiber content in foods,  The tables recording the 
fiber content refer to tables from other (foreign) countries, 
which do not refer to the type of chemical analysis to 
calculate it29, considering that each food has different types 
of fiber, so it can be over or underestimated in For each 
food, it is admitted that the population living in the field 
consumes a greater amount of fiber, this population ingests 
significant amounts of fruits, vegetables, greens, cereals and 
legumes where fiber is present, a report from ENSANUT 
2012 shows the lack in fiber consumption from an early 
age30, and the results of the mid-way survey of ENSANUT 
2016 show data of lack of fiber consumption in children with 
food insecurity from 24 to 59 months, in adolescents (men: 
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23.7 g, and women 21.2 g), observing lower consumption 
in older adults (men: 20.2, and women: 17.9g)31, according 
to this report, rural localities in Mexico are going through a 
change in their eating habits, they are substituting natural to 
processed foods, due to the accessibility of this type of food. 
products, observing a preference for foods and beverages 
sweetened with refined sugars and high in saturated fats, and 
a significant decrease in the consumption of natural foods, a 
source of vitamins, minerals, and fibers, this is influencing 
the increase in overweight and obesity, diseases related to 
chronic degenerative diseases such as diabetes mellitus 
(DM), hypertension, among others.

Advances in food and nutrition technology have contributed 
to the design and development of an extensive range of 
foods rich in dietary fiber based on their technological 
properties that have been accepted by consumers interested 
in maintaining healthy diets, with respect to this type. food. 
products, in Mexico there are a series of complementary 
laws and official standards (NOM) that must comply with the 
labels of all industrialized products to guide the consumer32, 
among these is the Official Mexican Standard NOM-
043-SSA2-20053333, Basic services of health. Promotion 
and education for health in alimentary matters. Criteria 
for providing guidance; NOM-051-SCFI / SSA1-201034, 
among the general labeling specifications for prepackaged 
foods and non-alcoholic beverages -Commercial and 
health information, establishes that in the declaration of the 
nutritional properties of an industrialized food it is necessary 
to provide information to the consumer about the amount 
and type of dietary fiber (polymers of natural carbohydrates, 
those obtained from food raw materials by physical, 
enzymatic or chemical and synthetic means with beneficial 
effects on health) of the product in question in the nutritional 
tables, in the modification of this standard (NOM-051-SCFI 
/ SSA1-201034)35 the front labeling system of products is 
established, to guide the consumer in the nutritional criteria 
on the content of excess energy, critical nutrients and 
ingredients that represent excessively a health risk.

Considering the chemical characteristics of Stevia 
rebaudiana, classified as a 100% natural non-toxic36 species, 
supported by various scientific studies that have been carried 
out on leaves and stems, have shown its safety, most of these 
studies have focused on its sweetening power , especially 
from the leaves, without caloric intake when metabolized, 
is antacid, cardiotonic, does not cause tooth decay when 
fermented by oral bacteria, with microbiological activity, 
improves hypertension, among others, so through this study 
they are provided interesting data regarding the impact of the 
beneficial effects of Stevia rebaudiana fibers on health. 

Conclusions

The fibrous extract of Stevia rebaudiana stems has a high 
fiber content; The results obtained in this study provide and 
contribute with scientific information about the physiological 
effect and health benefit in the consumption of dietary fiber 
in the diet, considering the amount, its ingestion favors the 
glycemic response in healthy patients, compared to reference 
foods. In summary, Stevia rebaudiana stems, due to their 
dietary fiber content, can be an alternative for the use and 
revaluation of waste sustained in the circular economy for 
the development of functional products, giving it an added 
value that contributes in some way to reducing overweight 
and obesity, with a hypoglycemic effect in patients with type 
2 diabetes mellitus (DM), because it benefits the decrease 
in postprandial glycemia, improving the insulin resistance 
of these patients, in addition to that this fiber would grant 
qualities by improving the texture an+d palatability of foods 
allowing to partially replace sugars and fats, reducing the 
calorie content of the products in which they are incorporated. 
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