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Abstract: The aim of this work is to study the effect of digestion on the total polyphenol content, flavonoids
and the antioxidant activity of Aloe vera. Total polyphenol contents and flavonoid spectrophotometric
methods: The evaluation of the antioxidant activity was carried out by three methods, DPPH, ABTS and
CUPRAC. To confirm the results obtained we carried out an analysis by ATR-FTIR. The total phenol content
found in the Aloe vera extract studied was 1.3638 mg EAG/100 g, while the content of flavonoids found in the
Aloe vera extract studied was 0.690 mg EQ/100 g. The values of total polyphenols and flavonoids decreased
under the effect of gastrointestinal digestion. The spectra obtained during the ATR-FTIR analysis show that
Aloe vera is rich in phenolic compounds and flavonoids. Intense bands corresponding to O-H bonds, C=C
bond, C-H, CO, CH; and CH, confirm the presence of these bioactive compounds. For both the DPPH and
CUPRAC methods, Aloe vera extract reveals a strong antioxidant activity, which gradually decreases during
the oral and gastric phase and then increases after the intestinal digestion. For the ABTS method, the
antioxidant activity decreases during the oral phase, increases during the gastric phase and then decreases

again during the intestinal phase.
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Introduction

The importance of naturally occurring antioxidants has grown steadily in recent times. These
antioxidants, as constituents of food, seem to contribute significantly to the prevention of certain diseases such
as cancer, cardiovascular diseases and infectious diseases [1]. The mechanisms of action of antioxidant
activity are diverse. They involve the neutralization of free radicals, the complexity of ions, transition metals
and the reduction of oxidative phenomena and cellular aging [2]. The phenolic compounds of medicinal plants
are counted among these natural active ingredients. Over the last ten years, they have been attracting
increasing interest from nutritionists, agri-food manufacturers and consumers. One of the main reasons is the
recognition of their antioxidant properties.

Aloe vera is one of the most used medicinal and food plants since ancient times for its therapeutic
properties [3, 4]. In addition, Aloe vera extracts contain considerable amounts of polyphenols and flavonoids
and have an antioxidant capacity comparable to that of the synthetic antioxidant butylated hydroxytoluene
(BHT) and vitamin E [5, 6]. To obtain a beneficial effect of this plant on health, these polyphenols must be
stable during digestion to reach the blood circulation through the intestinal wall [7]. Polyphenols are ingested
as complex mixtures immersed in a food matrix. Therefore, it is important to determine how this digestion
process affects polyphenols and their stability as this, in turn, affects their bioaccessibility to uptake as well as
their possible beneficial effects on the cells lining the intestine [8].

The impact of gastrointestinal digestion in vitro on the stability of polyphenolic compounds, and on
their antioxidant properties, has been one of the most widely discussed topics in the last decade. This is the
case with a wide variety of fruits, including citrus fruits [9, 10], different types of berries [11, 12], tomato
[13], grape berry [9], apple [14] and figs [15] as well as phenolic extracts from carob pulp [16].

However, few studies have addressed the effect of in vitro digestion on polyphenols in Aloe vera. In
this context, the objective of this study is to evaluate the effect of gastrointestinal digestion in vitro on the

phenolic content and antioxidant potential of Aloe vera.

Materials and methods

The plant used in the present study was Aloe vera is harvested in the garden of Institute of Nutrition,
Food and Agri-Food Technologies (INATAA), Constantine University, in February 2019. The leaves of the
plant were washed, cut and lyophilized.

Polyphenol extraction

In this work, a composite central experiment design (CCD) was used to determine the effect of solvent

concentration (X1) and maceration time (X2) on total polyphenol content (Y) of Aloe vera. CCD requires three

12

Corresponding author: mina.laib@gmail.com Full Paper
DOI: 10.2478/asn-2020-0030 ©2020 Konstantin Preslavsky University of Shumen. All rights reserved



mailto:mina.laib@gmail.com

$ sclendo ASN, Vol. 7, No 3, Pages 11-25, 2020

types of trials, i.e. four factorial trials, four axial trials and five center point trials, giving a total of 13 trials. A
second order polynomial equation reflects the dependence of the studied answer Y according to the two
variables coded (X1 and X2). This model takes into account linear effects, quadratic effects and interactions
between the studied factors, and is written:

Y = by 4+ by X; + byX, + by XXy + by XoX, + by X Xy,
Where:
Y is response studied;
X1, X, are coded forms of the explanatory variables;
bo is the constant that expresses the general average effect;
by, b, are linear coefficients (the main effect of each variable);

b1, by, are quadratic coefficients and by, is the interaction coefficient (the interaction between the two
variables).

For each coded variable (Xi) five levels, —a, —1, 0 and +1, + a were assigned. —a and +a represent the
extreme values (minimum, maximum). For the plane to be rotatable, the coded value of a was set at 1.414 [17,
18, 19]. The choice of actual levels of maceration time and solvent concentration is based on preliminary tests.
The polyphenols were extracted by the method described by Elfalleh et al. [20] with some modifications. The
plant was previously ground; a 100 g sample was macerated with 500 ml of methanol. Then, the samples were
centrifuged at 4500 rpm for 15 min. The extracted supernatants obtained were filtered, the Aloe vera plant was
extracted three times and the combined extracts were used for the experiments. Then, the solvent was
evaporated by a rotary evaporator. Finally, the extracts were lyophilized.

In vitro gastrointestinal digestion

In vitro gastrointestinal digestion of Aloe vera was performed according to the method described by
Ydjedd et al. [16] with some modifications. It consists of a three-step procedure that simulates digestion in the
mouth (oral phase), stomach (gastric phase) and small intestine (intestinal phase).Digestion was performed on
the powder of the Aloe vera plant. The liquids that make up the different phases of digestion used in this study

are presented in Table 1.

Table 1. Composition of three digestive liquids (oral, gastric and intestinal) [16]

Solution Salivary fluid(ml)  gastric fluid (ml) Intestinal fluid (ml)
KCL (0.5 M) 7.55 3.45 34
KH,PO, (0.5 M) 1.85 0.45 0.4
NaHCO; (1M) 3.4 6.25 21.25
NaCl (2M) - 59 4.8
13
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MgCl,(H,0)s (0.15M) 0.25 0.2 0.55
NH,(COy), 0.03 0.25 -
HCI (6M) 0.045 0.65 0.7

Digestion was simulated by the introduction of 20 ml of salivary fluid (LS) containing 15 mg of a-
amylase and 75 pl of CaCly(H,0)6 (0.3 M) to 1 g of sample (powder of Aloe vera. The mixture (oral phase) at
pH 7 was incubated with stirring for 2 min at 37°C and then centrifuged with a Sigma centrifuge at 4500 rpm
for 30 minutes. Next, 10 ml of the oral phase (PO) was taken, 10 ml of gastric fluid (LG) composed of 40 mg
of pepsin and 5 ul of CaCly(H,0)s (0.3 M) was added to the oral phase, the pH was adjusted to 3 with HCI (6
M) and the mixture (gastric phase) was incubated at 37°C in a shaking water bath for 2h. Then, the PG was
centrifuged for 30 minutes at 4500 rpm. Ten ml of the PG gastric phase was taken for further analysis. To
simulate intestinal digestion, 10 ml of intestinal fluid (LI) with 37.5 mg of pancreatin and 40 mg of bile salts
and 20 ml CaCl,(H,0)s (0.3 M) were added to the gastric phase, the pH was adjusted to 7 with NaOH (1 M)
and the mixture (intestinal phase) was incubated with stirring for 2 h. The intestinal phase (Pl) was
centrifuged for 30 minutes at 4500 rpm. Supernatants obtained after centrifugation were collected, lyophilized
and stored until further use.

Determination of phenolic compounds

The determination of total polyphenols was carried out according to the method of Folin—Ciocalteu
(FC) described by Waterhouse [21] with some modifications. Two ml of Aloe vera extract was mixed with 0.4
ml of FC reagent and 1.2 ml of 2% (w/v) Na2CO3. The mixture was stirred and incubated in the dark and at
room temperature for two hours, and the absorbance reading was measured at 760 nm. The results are
expressed in mg of gallic acid per 100 grams of dry matter by reference to the calibration curve of gallic acid
carried out with 6 concentration values (ranging from 0 to 1 mg/ml).

Determination of total flavonoids

The determination of total flavonoids was carried out according to the method described by Dehpeur
et al. [22]. A total of 0.5 ml of the Aloe vera extract was added to 1.5 ml of 80% ethanol and 0.1 ml of 10%
AICI; with 0.1 ml of 1 M sodium acetate. The mixture was stirred and then incubated in the dark and at room
temperature for 30 minutes. The absorbance is measured at 415 nm. The results are expressed in mg
equivalent quercetin/100 g of dry matter by reference to the standard curve of quercetin (0—1 mg/ml).

Attenuated Total Reflectance-Fourier transform infrared spectroscopic analysis (ATR-FTIR) of

Aloe vera extracts before and after digestion
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The phenolic extracts of digested and undigested digested Aloe vera were analyzed by Attenuated
Total Reflectance-Fourier transform infrared spectrometry (ATR-FTIR) using an Agilent Cary 600 series
FTIR spectrometer. Two milligrams of sample were analyzed, and the spectra were recorded at wave numbers
ranging from 400-4000 cm™ and at a resolution of 4 cm™.

Determination of antioxidant activity

The antioxidant activity of Aloe vera extracts was evaluated by three methods, DPPH, ABTS and
CUPRAC, and compared with antioxidants of BHA and BHT references.

Determination of antioxidant activity by the DPPH method

DPPH method: The evaluation of the antioxidant activity was done by the method of BLOIS [23].The
inhibition power is expressed in% and determined by applying the following formula:

106 = Ablank — Asample 100
°T Ablank

where A blank isabsorbance of white (DPPH in ethanol)and A sample isabsorbance of the test compound.

Reference extract and antioxidant concentrations (BHA and BHT), based on the percentages of
inhibited DPPH, were plotted at the end of the reaction to obtain the IC50 index [24].

Determination of antioxidant activity by the ABTS method

The following method of trapping the free radical ABTS ° is that described by Re et al. [25]. The
inhibition percentages of the ABTS radical were plotted against extract concentrations to determine the 1C50
index.

Determination of cupric reductive antioxidant capacity (CUPRAC)

We realized the evaluation of the antioxidant activity by the method of Ozyiirek et al.[26]. The results
were calculated as A0.5 (ug/ml) corresponding to the concentration indicating 0.50 absorbance.

Statistical analysis

The means plus or minus the standard deviation of the three replicates of determination of total
polyphenol content, evaluation of antioxidant activity, as well as graphic representations, were performed with
Excel 2013 (Microsoft Excel Version 3. 2013, Microsoft Corp., Redmond, WA, USA). Means were compared
by single factor analysis of variance (ANOVA) analysis followed by a post-hoc Tukey test using
STATISTICA 7.0 software (StatSoft, Inc., Tulsa, OK, USA). The superscript letters a, b, ¢, d, and e indicate a
significant difference at the 0.05 significance level. The generation of the test matrice, the analysis of the
results of the experimental design (the central composite design) is generated with Minitab 17 software

(Minitab Inc., State College, PA, USA). The generation of surface plots and the optimization of the factors
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were made by STATISTICA 7.0 software (StatSoft, Inc., Tulsa, OK, USA). Ftir spectra were plotted using
Origin Pro 9.1 software (Origine Lab Corporation, Northampton, MA, USA).

Results and Discussion

The analysis of variance partitioned the variability of total polyphenol levels for each effect. The
model is significant (P<0.05) and has a high R2 (85.45%). The response surface is shown in Figure 1. The
optimal values of the total polyphenol content are in the red zone bounded by the point’s solvent concentration
(98%-100%) and maceration time (1189-1320 min).
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Figure 1. Aloe vera polyphenol rate response surface as a function of solvent concentration and maceration

time

The prediction of optimal conditions is solvent concentration 100% and maceration time 1226 min.
The results of the optimization are confirmed by the determination of the total polyphenols experimentally
with the factors selected at the optimum point. The measured value (1.36 mg EAG/g dry extract) is close to
that predicted by the mathematical model (1.98 mg EAG/g dry extract), which confirms the validation of the
model.

Effect of gastrointestinal digestion on levels of total polyphenols and flavonoids

The determination of the total polyphenols gives us an overall estimate of the content in different

classes of phenolic compounds contained in the extract. Colorimetric methods were used to evaluate the
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number of phenolic compounds in the plant material. Maceration and choice of the solvent used are the main
criteria to consider for profitable extraction [27].

Before proceeding to the determination of the content of phenolic compounds, we established a
calibration curve using gallic acid. The results are expressed in milligram (mg) gallic acid equivalent per 100
gram of dry matter (mg EAG/100 g MS) and are represented in Figure. 2. The FT assay was performed
according to the aluminum trichloride method (AICIl5s) usingthe quercetin calibration curve. The absorbance
was read in a wavelength of 415 nm. The results are expressed in milligram (mg) equivalent of quercetin per

100 grams of the dry matter (mg EQ/100 g MS) and are represented in Figure 2.
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Figure 2. Effect of invitro digestion on the total polyphenol and flavonoid contents of Aloe vera: (1) total
polyphenols, (2) flavonoids. The letters a, b, ¢ and d indicate a significant difference between the antioxidant

activities of undigested and digested Aloe vera at the 0.05 level of significance
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According to the results obtained the content of total polyphenols and flavonoids of the extract before
gastrointestinal digestion invitro was 1.36 + 0.25 mg EAG/g and 0.690 + 0.5 mg EQ/100 g. On reading the
results obtained (Figure 3), we note that the three phases of digestion (salivary, gastric and intestinal) seem to
cause a decrease in the levels of total polyphenols and flavonoids. This behavior may be attributed to the
interaction of polyphenols with digestion enzymes: a-amylase in the oral phase (salivary), pepsin in the gastric
phase and pancreatin in the intestinal phase. In addition, digestion conditions (especially pH) play an
important role in the increase or decrease of phenolic compounds [28]. It can therefore be assumed that the
decrease in the total phenolic concentration of extracts observed during the gastric digestion phase could be
attributed to the acid hydrolysis of phenolic glycosides in their aglycons during gastric digestion [29].

During the intestinal phase, polyphenols are degraded because they are very sensitive to alkaline
conditions, which result in the loss of these compounds during this digestion stage [30, 31].

Interactions between antioxidant compounds and food constituents, such as minerals and proteins, can
also lead to complex formations and consequently cause changes in the chemical structure of polyphenols,
molecular weight and solubility during digestion when simulated, leading to a decrease in their levels [29].

Attenuated Total Reflectance-Fourier transform infrared spectroscopic analysis (ATR-FTIR) of
Aloe vera extracts before and after in vitro digestion

Attenuated Total Reflectance-Infrared spectrophotometric analysis was performed in order to monitor
the change in the overall chemical composition of the sample (Aloe vera) after digestion (Figure 3). We found
the following absorption bands: A band at 3324.641 cm™ signifying an absorption band corresponding to the
OH bond vibrations of the phenolic compounds [32]; a band at 2923.810 cm™ was detected, indicating the
presence of a CH bond [33]; a band was found at 1638.850 cm™, which corresponds to the vibration of the
group C=C [34]; the band at 1415.770 cm™ could be linked to CH3, CH,, flavonoids and aromatic rings [35];
the band at 1252 cm™ is attributed to the vibration of the CO group of polyols, such as hydroxy flavonoids,
and the band at 920.181 cm™ could be due to a vibration of the aromatic rings [32]. The digestion has a
negative effect on the detected links, and a progressive decrease of the intensity of the bands of absorption
was observed during the three phases of digestion (oral, gastric and intestinal) until their disappearance after

the intestinal phase.
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Figure 3. FTIR spectra of undigested and digested Aloe vera extracts (oral, gastric and intestinal phase)

Effect of gastrointestinal digestion on antioxidant activity
The values obtained from 1C50 for (DPPH and ABTS) and A0.5 for the CUPRAC method are shown
in Table 2.
Table 2. Values of IC50 and A0.5 (ug/ml)

DPPH (IC50 pg/ml)

ABTS (IC50 pg/ml)

CUPRAC (IC50 pg/ml)

Extract 24.85 + 0.95° 22.92 + 0.08° 25.35+0.71°
Oral phase 645.45 + 0.42° 279.57 + 0.26" 5555.46 + 0.72°
Gastric phase 3370.59 £ 0.90° 92.48 +0.17° 16666.59 + 0.33"
Intestinal phase 962.79 + 0.28° 1002.41 + 0.76° 12499.92 + 1.90°
BHA 6.14+0.41" 1.81+0.10° 535+0.71°
BHT 12.99 + 0.41° 1.81 £0.10° 8.97 +3.94°

The letters a, b, ¢, d, e, and f indicate a significant difference between IC50 (ug/ml) undigested and digested

Aloe vera at the 0.05 level of significance.

The three methods of evaluating antioxidant activity, DPPH, ABTS and CPRAC, resulted in the same
outcome. Aloe vera showed a strong antioxidant activity. This same finding has been reported by several
authors [19, 36-37]. This activity may be related to the wealth of Aloe vera in phenolic compounds. This

activity was reduced to different degrees during digestion. The results obtained for the two methods DPPH
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and CUPRAC are identical; we notice the antioxidant activity decreased gradually during the oral and gastric
phase followed by a slight increase after intestinal digestion. The gastric phase has the highest value of 1C50
and AO0.5, indicating the lowest antioxidant activity.

For the ABTS method, the antioxidant activity decreased during the oral phase, increased during the
gastric phase and then decreased again during the intestinal phase. For this method the highest IC50 value was
found after intestinal digestion.

The difference obtained between the results obtained for the two methods DPPH and ABTS can be
attributed to the reaction media. The DPPH test is reactive in a medium consisting of organic solvents, while
the ABTS test is carried out under agueous conditions. In addition, the solubility of flavonoids in both media
should be taken into account. Some bioactive compounds that may not be soluble in the reaction medium
cannot perform radical removal activities [38].

The observed decrease in antioxidant activity after digestion can be attributed to the instability of
polyphenols in digestion conditions. This result is confirmed by FTIR spectroscopic analysis.

According to the literature, several authors report that there is a relationship between the content of
phenolic compounds and the antioxidant properties [39-41]. According to HAYES et al. [42], the antioxidant
activity generally depends on the number and position of the hydroxyl groups relative to the functional
carboxyl groups. Of the phenolic compounds, flavonoids are compounds with high antioxidant activity [43].
Destruction of the latter decreases the antioxidant activity.

The antiradical activity of phenolic compounds is strongly dependent on the pH of the reaction
medium, where an increase in its capacity can occur with an increase in pH values [44]. This may be related to
the deprotonation of the hydroxyl groups present on the aromatic rings of the phenolic compounds by
decreasing the energy of O and dissociations of H bonds, which facilitates the hydrogen donation reactions as
well as the decrease of the ionization potential and the increase in the ability to donate electrons. However, the
duodenal medium can also induce structural modifications such as the ionization of phenolic compounds,
which allows the increase of the antioxidant activity during this phase compared to the gastric phase and this
can explain the increase of the observed antioxidant potential for both methods DPPH and CUPRAC [45].

On the other hand, the values found by the ABTS show that the antioxidant activity of Aloe vera
decreases in the oral phase, then increases in the gastric phase and decreases again in the intestinal phase.
Previous studies have discovered that a number of polyphenols increased after the gastric phase in vitro
digestion process because polyphenols are very sensitive to pH changes.

The increase in antioxidant activity during the gastric phase can be attributed to the decrease in pH
that allows the release of insoluble phenolic compounds. Previous studies have shown that a number of

polyphenols increased after the gastric phase of the in vitro digestion process [30].
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After the intestinal digestion phase, the antioxidants are degraded by the alkaline pH, which leads to
an overall loss of antioxidant capacity after in vitro digestion [12]. It is possible that when these compounds
are exposed to such conditions, they are transformed into different structural forms with different chemical
properties and different degrees of bioaccessibility and biological activities.

In the study by Henning et al. [46], in some samples the antioxidant activity after in vitro digestion
remained unchanged, but in other samples it was increased by 50%, compared to undigested controls. These
modifications were attributed to the hydrolysis of some of these compounds during digestion and the
formation of other metabolites with higher or lower antioxidant activity. In a study to evaluate polyphenolic
stability and the change in antioxidant potential of berries during in vitro digestion, Lucas-Gonzalez et al. [12]
demonstrated that polyphenolic compounds are released, especially in the early stages of gastrointestinal
digestion, where they can exert biological activity as antioxidant compounds after absorption in gastric
digestion.

Conclusion

Aloe vera has several therapeutic and nutritional virtues, some of which are little known. This plant is
rich in bioactive molecules such as phenolic compounds, the content of which are influenced by several
intrinsic parameters (effect of digestion). This work aims to evaluate the effect of gastrointestinal digestion in
vitro on the content of phenolic compounds and the antioxidant activity of Aloe vera. The values of total
polyphenols and flavonoids decrease under the effect of gastrointestinal digestion. This can be attributed to
the interaction of phenolic compounds with digestion enzymes, the variation of chemical structures of Aloe
vera polyphenols and the pH of the reaction medium. The antioxidant activity is decreased after digestion in
the three phases comparing with the results obtained in Aloe vera extract. This simulation study of
gastrointestinal digestion in vitro predict human conditions in vivo, but it would be interesting to carry out
studies and feeding trials in vivo to confirm the results of the present studyas well as the concentration on
digestion of Aloe vera polyphenols using a model including a microbial digestion of the colon in order to
obtain qualitatively well correlated results with human studies. In addition, encapsulation technology can be
used to improve the bioavailability of polyphenols or to achieve controlled release of these digestion

compounds.
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