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Abstract
The major production of artisanal and industrial wines is elaborate in the Ica Valley, Peru. The objective was to evaluate the antiox-
idant activity of polyphenols and permissible values of glyphosate in artisanal wines from the Pisco Routes of the Ica Valley, Peru. 
Samples: six coded artisanal wines and two commercial brands as references (60088 and 60089). Total polyphenol content (TPC) was 
found between 107.90 ± 0.30 (60091) and 234.73 ± 0.61 mg GAE/100 mL (60084); total flavonoid content (TFC) was between 9.70 ± 
0.30 (60091) and 16.83 ± 0.25 mg QE/100 mL (60084). Antioxidant activity: DPPH between 34.9 ± 0.44 (60091) and 55.6 ± 0.30 mM 
TEAC/100 mL (60085). FRAP between 42.50 ± 0.36 (60091) and 117.3 ± 0.44 (60085). Correlation relationship: TPC/DPPH (mM 
TEAC/100 mL) for 60086 (r = 0.7302, R2 = 0.5332), 60091 (r = 0.8029, R2 = 0.6447), 60085 (r = -0.9820, R2 = 0.9643), and for the refer-
ence 60089 (r = -0.9960, R2 = 0.9932). TPC/FRAP (mM TEAC/100 mL) for 60086 (r = 0.8096, R2 = 0.6554); reference 60088 presents 
an inverse and strong correlation with a 100% relationship at a linear level of both variables. TFC/DPPH for 60085 (r = -1.0, R2 = 1.0), 
60084 (r = -0.9934, R2 = 0.9868), and 60090 (r = 0.9586, R2 = 0.9190). TFC/FRAP for 60087 (r = -0.9798, R2 = 0.9601) and 60090 (r = 
0.9750, R2 = 0.9506) is higher compared to the reference wines 60088 and 60089. It is concluded that the samples of artisanal wines 
have the same antioxidant activity that would be due to their polyphenolic and flavonoid compounds, and the glyphosate content is 
below the maximum permissible limit values (0.1 mg/L).
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Introduction
Vitis vinifera L. (vine) is a perennial plant that belongs to 
the Vitaceae family that is cultivated in the coastal areas of 
Lima, Arequipa, Moquegua, Tacna, and on the Pisco-ICA 
route, Peru, for its high nutritional value and as raw mate-
rial (berry or grape) for the production of wines (Cáceres 
et al. 2017; Bardales et al. 2022; Alvarado et al. 2023a; Sur-
co et al. 2023).

Wine is the product of the fermentation of grape must 
and catalyzed by yeast; it contains water, ethanol (range: 
10–13%), bioactive compounds such as esters, organic ac-
ids (citric, fumaric, lactic, malic, oxalic acid, succinic, and 
tartaric) that determine the pH, pectin, stilbenes (trans 
and cis-resveratrol), cinnamates, phenolic acids, such as 
vanillic acid (catechin metabolite), caffeic, and gallic acid 
(Román et al. 2019); Flavonoids such as flavonols (quer-
cetin), flavan-3-ols (catechin, epicatechin), flavan-3,4-diols 
or leucoanthocyanins, polymeric procyanidins (condensed 
tannins), and anthocyanins (responsible for the red and 
purple colors) have also been characterized; The content of 
polyphenolic compounds is 10 times higher in red wines 
than in white wine (Waterhouse 2002; Lorenzo et al. 2005).

Among the most important polyphenolic compounds 
in wine is trans-resveratrol (3,4’,5-trihydroxy-trans-stilbe-
ne), which is found at a concentration of 0.53-1.49 mg/L 
(Rocchetti et al. 2021); this polyphenol, after being ab-
sorbed in the intestinal mucosa, is biotransformed in the 
liver through phase I and II (Chow et al. 2010). By sulfo-
conjugation, sulfotransferase 1A1 (SULT1A1) transfers a 
sulfate group from 3’-phosphoadenosine-5’-phosphosul-
fate (PAPS) to the 3-position of trans-resveratrol, forming 
the metabolite trans-resveratrol-3-O-sulfate (Miksits et al. 
2005; Chow et al. 2010); Likewise, by glucuronidation, the 
enzyme UDP-glucuronosyl transferase 1A1 (UGT1A1) 
transfers a glucuronic group from UDP-α-D-glucuronic 
acid (UDPGA) to the 3-position of trans-resveratrol to 
form trans-resveratrol-3-O-β-glucuronide; conjugated 
metabolites are eliminated through urine (Guthrie et al. 
2017). Through phase I oxidation, trans-resveratrol is con-
verted into the active metabolite piceatannol (3,4,3’,5’-tet-
rahydroxy-trans-stilbene); this process is generated by the 
action of the enzyme CYP1B1; subsequently, piceatannol is 
conjugated by UGT1A1, forming piceatannol-3-O-β-glu-
curonide (Guthrie et al. 2017).

It has been shown that the biotransformation of 
trans-resveratrol into piceatannol is important, since it 
inhibits certain proteins of cancer-inducing pathways 
(Hsieh et al. 2012). One of the molecular pathways that 
induce cancer is PI3K/AKT/mTOR, described in Fig. 
1A: The process begins when protein kinase D1 (PDK1) 
activates by phosphorylation the rapamycin-insensitive 

complex type C2 (mTORC2) and the serine/threonine 
protein kinase 1 (AKT1) that is linked to phosphatidyli-
nositol-3,4,5-triphosphate (PIP3) of the membrane; at the 
same time, mTORC2 and phosphatidylinositol-3-kinase 
type C3 (PI3K-C3) phosphorylate AKT1. Active AKT1 
induces the expression of glycogen synthase kinase 3 
(GSK3), Fox transcription factor 1 (FOXO1), 3 (FOXO3), 
and 4 (FOXO4) (Hsieh et al. 2012; Aldecoa and Avila 
2021). Likewise, a higher concentration of mTORC2 is 
expressed, the same one that activates the P-4E-BP1 pro-
tein that is involved in the development of prostate cancer 
(Hsieh et al. 2012). Meanwhile, GSK3 is involved in co-
lon, liver, pancreas, and ovarian cancer; FOXO1 induces 
alveolar rhabdomyosarcoma (pediatric skeletal muscle tu-
mor), and FOXO3 and FOXO4 induce the development of 
leukemia (Slany 2009; Meyer et al. 2018). Additionally, by 
overexpression of CYP1B1 in various tumors, the PI3K/
AKT1/MTOR2 and tyrosine kinase pathways are activat-
ed (Murray et al. 2001; Li et al. 2017).

In Fig. 1B, it is proposed that trans-resveratrol and its 
metabolite piceatannol inhibit AKT1 and mTORC2, de-
creasing the development of cancer cells (Hsieh et al. 2012).

It has also been reported that 17β-estradiol is biotrans-
formed into 4-hydroxyestradiol by the action of the CY-
P1B1*3 allelic variant (rs1056836, Leu432Val) that is over-
expressed in breast epithelial cell cancer and other types 
of cancer (Tang et al. 2000; Tsuchiya et al. 2004); In oth-
er studies, the genes CYP2E1, CYP1A1, and CYP1A2 are 
described as being associated with a higher risk of cancer 
(Sánchez-Siles et al. 2020; Alvarado et al. 2021a; Alvarado 
et al. 2021b). In this sense, it has been proposed that resver-
atrol and its metabolite piceatannol inhibit the expression 
and activity of CYP1B1 (Chen et al. 2004), CYP2E1 (Wu et 
al. 2013), CYP1A1, and CYP1A2 (Chang et al. 2007).

On the other hand, to ensure annual production of 
good-quality berries, herbicides are used to control var-
ious weeds in the vineyards (Reineke and Thiéry 2016; 
Pertot et al. 2017). Additionally, fungicides are used to 
combat Botrytis cinerea Pers.; fungi are responsible for 
the decomposition of the grapevine cluster (Fedele et al. 
2020). Among the main herbicides used in vineyards is 
glyphosate, made up of a molecule of phosphonomethyl 
and glycine (N-phosphonomethylglycine); this weak or-
ganic acid inhibits 5-enolpyruvylshikimate 3-phosphate 
synthase (EPSPS) of the shikimate pathway in plants, pre-
venting the synthesis of phenylalanine, tyrosine, and tryp-
tophan (Takano and Dayan 2020). Likewise, it is import-
ant to know that the residual effect of glyphosate is greater 
than five years (Van Bruggen et al. 2018); therefore, they 
accumulate in the berries of the vine and are detected in 
red and white wines (Heap and Duke 2018).
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Figure 1. PI3K/AKT/mTOR molecular pathway that induces cancer and proposed inhibition of AKT1/mTORC2 by trans-resvera-
trol and piceatannol.
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Based on this background, the SciELO, PubMed-NCBI, 
and ScienceDirect databases were searched for published 
studies on polyphenolic compounds and glyphosate con-
tent in artisanal wines made in Peru. It was evident that 
these studies are scarce; in this sense, it is justified to carry 
out research on the topic, mainly for three reasons: first, to 
know the total content of polyphenols and flavonoids and 
their association with antioxidant activity in vitro; second, 
to identify the presence of glyphosate and whether these are 
within the maximum residue levels (MRL) in the wines that 
are made in the Artisanal Wine Cellars compared to two 
types of industrially produced wines from the Ica Valley; 
third, the findings obtained could be part of the scientific 
evidence for health and agricultural authorities to supervise 
the use of glyphosate in the cultivation of Vitis vinifera L. 
Therefore, the objective was to evaluate the antioxidant ac-
tivity of polyphenols and permissible values ​​of glyphosate in 
artisanal wines from the Pisco Routes of the Ica Valley, Peru.

Materials and methods
Reagents and standards

The chemical reagents and chemical solutions used were 
reagent grade, and the standards were of high purity: 
HPLC grade water, acetonitrile (Merck), 99% purity for-
mic acid, ethanol, and methanol (Beaker Brand, USA); so-
dium acetate, acetic acid, hydrochloric acid, sodium car-
bonate, ferric trichloride, and Folin Ciocalteu reagent from 
the Merck brand (Germany); gallic acid, Trolox (6-hy-
droxy-2,5,7,8-tetramethylchroman-2-carboxylic acid), 
DPPH (2,2-diphenyl-1-picrylhydrazyl), ABTS (2,2’-azi-
no-bis-(ammonium 3-ethyl benzothiazolin-6-sulfonate) 
brand Sigma-Aldrich (USA), and glyphosate 99.9% Lot 
number 229ACBE265 (Lab. Instruments, Italy).

Samples

Eight samples of wines from various brands were acquired 
that are available in the wineries of the Pisco Routes located 
in the Ica Valley, Peru. Two samples (60088 and 60089) were 
obtained from Industrial Wine Cellars. Six samples were 
obtained from Artisanal Wine Cellars (homemade): Two 
samples (60084 and 60085) were obtained from the Pueb-
lo Nuevo district (14°07'38"S, 75°42'21"W/ -14.1270907, 
-75.7059197), two (60086 and 60087) from the San Juan 
Bautista district (14°00'4"S, 75°44'06"W/ -14.0112703, 
-75.7350876), and two (60090 and 60091) from the Sub-
tanjalla district (14°01'06"S, 75°45'30"W/ -14.0184263, 
-75.7583885). All samples were assigned a unique identifi-
cation code (60084-60091) for double-blind analysis.

Total polyphenol content

A calibration curve of the gallic acid standard (Sigma-Al-
drich) was prepared in a range of 1–7.5 µg/mL, and the 
Folin-Ciocalteu reagent was diluted with ultrapure water 

in a ratio of 1:2. 0.10 mL of wine (diluted 1:5 in distilled 
water) and 0.5 mL of Folin-Ciocalteu reagent (Merck) 
were mixed, homogenized, and allowed to react for 5 min, 
taken to an ultrasound bath for 5 min, then 1.4 mL of 20% 
sodium carbonate solution (Na2CO3) was added, the mix-
ture was homogenized in Vortex for 1 min, and allowed 
to react for 90 min protected from light and at laboratory 
temperature. The absorbance of the blank (distilled water) 
and the samples was recorded at 760 nm in a spectropho-
tometer (Spectrophotometer Peak Instrumental, model 
C-7100, USA). The analysis was performed in triplicate, 
and the total polyphenolic content was expressed in mg of 
gallic acid (mg GAE)/100 mL of wine (Ramos-Escudero 
et al. 2012; Alvarado et al. 2023b; Hu et al. 2023; Alvarado 
et al. 2024). The total polyphenol content was calculated 
with equation (1) as follows:

TPC (mg GAE/100 mL) = (Absorbance-Intercept)/Slope	 (1)

Total flavonoid content

A quercetin calibration curve of 50–500 μg/mL was pre-
viously prepared.

In a 5 mL tube, 0.2 mL of wine and 1 mL of deionized wa-
ter were added. After mixing, 0.075 mL of 5% sodium nitrite 
(NaNO2) was added, homogenized, and allowed to react.

After 5 min, 0.075 mL of 10% aluminum chloride 
(AlCl3) was added, mixed, and allowed to react. After 5 
min, 0.5 mL of 1 M sodium hydroxide (NaOH) was add-
ed. It was homogenized and allowed to rest for 5 min.

The absorbance of the samples and the blank was re-
corded at 510 nm using a spectrophotometer (Spectro-
photometer Peak Instrumental, model C-7100, USA).

The analysis was performed in triplicate, and the total 
flavonoid content was expressed in mg of quercetin (mg 
QE/100 mL) of wine (Ramos-Escudero et al. 2012; Surco 
et al. 2023).

The total flavonoid content was calculated with equa-
tion (2) as follows:

TFC (mg QE/100 mL) = (Absorbance-Intercept)/Slope	 (2)

Determination of antioxidant activi-
ty by the 2,2-diphenyl-1-picrylhydrazyl 
(DPPH) radical scavenging assay

To carry out the antioxidant activity, the DPPH reagent 
mixture was prepared; 9.5 mL of DPPH methanolic solu-
tion (0.130 mM) was mixed with 5 mL of aqueous acetate 
buffer (100 mM, pH 5.5). To perform the Trolox calibration 
curve, pre-established dilutions were prepared (0.0315, 
0.0625, 0.125, 0.250, 0.500, and 0.750 mM; pH adjusted to 
7.0); a standard solution of 400 µM of Trolox was used as 
a positive control; methanol (analytical grade, beaker) was 
used as a blank. Several 3 mL tubes were identified, and 
then a mixture was made as follows: To an amount of 0.10 
mL of wine, 0.29 mL of DPPH reagent was added. The re-
action mixture was allowed to stand for 2 hours protected 
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from light and at laboratory temperature. The absorbance 
of the samples and the blank (methanol) was measured 
at 517 nm in a spectrophotometer (Spectrophotometer 
Peak Instrumental, model C-7100 USA). The analysis 
was performed in triplicate, and the mean DPPH activity 
for each sample was expressed as mM Trolox equivalent 
(TEAC)/100 mL of wine ± standard deviation (Alvarado 
et al. 2023b; Hu et al. 2023). The antioxidant activity of 
DPPH was calculated using equation (3) as follows:

DPPH (mM TEAC/100 mL) = (Absorbance-Intercept)/Slope	 (3)

Determination of antioxidant activity 
using the ferric reducing antioxidant 
power (FRAP) assay

The FRAP reagent mixture was prepared each time the ex-
periment was performed and allowed to incubate at 37 °C 
before use.

5 mL of 10 mM TPTZ (2,4,6-tripyridyl-s-triazine) (dis-
solved in 40 mM HCl), 5 mL of 20 mM aqueous ferric 
chloride solution (FeCl3.6H2O), and 50 mL of buffer were 
mixed with aqueous acetate (300 mM, pH 3.6) in a ratio 
of 1:1:10. The Trolox standard solution was prepared at 
preset concentrations (0.0312, 0.0625, 0.125, 0.250, 0.500, 
and 1.00 mM) to produce a calibration curve; a 400 mM 
Trolox standard solution was used as a positive control. 
For the analysis, 0.02 mL of wine was mixed with 0.80 mL 
of FRAP reagent and allowed to react for 30 min under 
protection from light. The absorbance was measured at 
593 nm in a spectrophotometer (Spectrophotometer Peak 
Instrumental, model C-7100 USA). The analysis was per-
formed in triplicate, and the mean FRAP activity for each 
sample was expressed as mM Trolox/100 mL wine ± stan-
dard deviation (Hu et al. 2023). FRAP antioxidant activity 
was calculated using equation (4) as follows:

FRAP (mM TEAC/100 mL) = (Absorbance-Intercept)/Slope	 (4)

Direct determination of glyphosate

The wine samples were spiked with known concentrations of 
glyphosate, and a calibration curve was configured. Filtered 
wine samples (0.22 µm syringe) were directly injected (15 
µL) into an LC column using a liquid chromatography-tan-
dem mass spectrometry (LC-MS/MS) system (PerkinElmer 
QSight 210 MD Screening System UHPLC Pump A) that 
was used in triple quadrupole mode operating in multiple 
reaction monitoring (MRM) mode. The flow rate was set at 
0.5 mL/min, and the injection volume was 15 μL.

LC conditions were: Acquity UPLC HSS C18 column 
(particle size 1.8 µm, 2.1 × 100 mm); Mobile Phase (Sol-
vent A: 1% formic acid; Solvent B: Acetonitrile). Gradi-
ent Conditions: 3 min of 95% A/5% B mobile phase fol-
lowed by 3 min of wash with acetonitrile; equilibrate for 7 
min with initial conditions. The MS parameters were ion 
source (ESI negative mode), electro spray/V-5000, source 
temp 450 °C, HSID temp 320 °C, dry gas 100, nebuliz-

er, and gas 100. The limit of detection (LOD) and limit 
of quantification (LOQ) were determined to be 0.005 mg/
kg and 0.010 mg/kg, respectively (Liao et al. 2022; Pérez-
Mayán et al. 2022).

Statistical analysis

Data were expressed as mean ± standard deviation (SD), 
95% confidence interval (95% CI), Pearson correlation 
coefficient, and analysis of variance were calculated, and 
p-values less than 0.05 were considered statistically signif-
icant. GraphPad Prism Statistical Software version 10.1.2 
was used. for Windows.

Results and discussion

The total content of polyphenols (TPC), total flavonoids 
(TFC), and antioxidant activity of the wines produced by 
Artisanal Wineries of the Pisco Routes of the Ica Valley 
were estimated, and additionally, two samples of commer-
cial wines (60088 and 60089) of industrial origin were ana-
lyzed, which were used as reference samples (Table 1). TPC 
was quantified in mg gallic acid equivalents (GAE)/100 
mL and TFC in mg quercetin equivalents (QE)/100 mL 
of wine. Samples 60084 and 60087 present high TPC val-
ues and are close to the reference 60089, while the TFC is 
higher compared to the reference sample 60089.

While the potential antioxidant activity of the wine 
samples was determined by two in vitro methods. Anti-
oxidant activity was observed by the DPPH method, with 
the minimum value being 34.9 ± 0.44 mM TEAC/100 mL 
in sample 60091. This effect would be due to the transfer 
of a hydrogen ion (H+) from wine polyphenols to the free 
radical 2,2-diphenyl-1-picrylhydrazyl (DPPH).

Antioxidant activity has also been observed by the FRAP 
method; in this case, the polyphenolic compounds of wine 
have the ability to transfer an electron to the FRAP radical 
(SET), reducing the ferric ion (Fe3+) to ferrous ion (Fe2+), 
which is visualized by turning the color of the solution to 
intense blue. For the two in vitro antioxidant methods, a 
calibration curve was carried out with the Trolox standard, 
and with this, the antioxidant activity was established as 
Trolox equivalent (mM TEAC/100 mL of wine sample).

Pearson correlation coefficient analysis was applied to 
find the statistical relationship between the variables of 
polyphenolic/flavonoid compounds and antioxidant ac-
tivity (Table 2).

To interpret the results of the Pearson correlation co-
efficient, whether negative or positive, it was based on the 
study by Hazra and Gogtay (2016), which considers poor 
correlation when the values are <0.30, moderate if the 
values are between 0.30 and 0.50, good when the range is 
0.50–0.70, and strong if the values are >0.70.

The analysis of the content ratio of total polyphenols 
(TPC: mg GAE/100 mg) and DPPH (mM TEAC/100 
mL) shows a strong and positive correlation with its cor-
responding coefficient of determination (R2) for sample 
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60086 (r = 0.7302, R2 = 0.5332) and sample 60091 (r = 
0.8029, R2 = 0.6447), indicating that there is a 53.32% and 
64.47% relationship at a linear level of both variables of 
wines 60086 and 60091, respectively. This positive correla-
tion means that increasing the quantity of polyphenols in-
creases antioxidant activity.

An inverse and strong correlation is also observed for 
sample 60085 (r=-0.9820, R2=0.9643) and for reference 
wine 60089 (r = -0.9960, R2 = 0.9932); that is, there is a 
96.43% relationship at the linear level of both variables. 
This relationship indicates that, as the concentration of 
total polyphenol increases, antioxidant activity decreases. 
This phenomenon suggests that at high concentrations of 
polyphenols, the functional groups that neutralize free 
radicals are saturated, reducing the overall efficiency of 
antioxidant activity; in some cases, flavonoids become 
pro-oxidants, negatively affecting antioxidant activity 
(Waterhouse et al. 2016); the other factor would be the 
formation of a complex between the polyphenols and the 
proline, fructose, and glucose residues of the wine, de-
creasing the bioavailability of the polyphenol and reduc-
ing its antioxidant activity (Ignat et al. 2011). At the same 
time, the statistical analysis shows that, as antioxidant ac-
tivity increases, the polyphenol content decreases. This is 

generated when some polyphenols are oxidized into sec-
ondary compounds that could contribute to antioxidant 
activity in the short term, but also flavonols, flavan-3-ols, 
and condensed tannins contribute to maintaining antiox-
idant activity even when the most important polyphenols 
decrease (Cheynier et al. 2016).

By the other in vitro method, a strong and positive 
correlation was also observed between TPC and FRAP 
(mM TEAC/100 mL) for sample 60086 (r = 0.8096 and 
R2 = 0.6554); while the reference wine sample 60088 pres-
ents an inverse and strong correlation with a 100% rela-
tionship at a linear level of both variables, which suggests 
that, as flavonoids increase, antioxidant activity decreases, 
and vice versa. Likewise, a strong inverse correlation was 
found for sample 60085 (r = -1.0; R2 = 1.0) and 60084 (r = 
-0.9934, R2 = 0.9868) after relating the TFC (mg QE/100 
mL) to the DPPH assay, being greater compared to the 
reference 60088. A strong and positive correlation was ob-
served (r = 0.9586, R2 = 0.9190) for sample 60090, indicat-
ing a 91.90% relationship at a linear level of both variables; 
that is, increasing the quantity of flavonoids also increases 
the antioxidant activity. While the antioxidant activity of 
flavonoids by the FRAP method experienced an inverse 
and strong correlation for sample 60087 (r = -0.9798, R2 = 

Table 1. Estimation of the content of polyphenols, total flavonoids, and antioxidant activity of wines from the Pisco Routes of the 
Ica Valley.

Wine 
sample 
code

Assay and statistics
TPC* TFC** DPPHϴ ANOVA FRAPϴ ANOVA

Mean ± SD Mean ± SD Mean ± SD(mM 
TEAC/100 mL)

DPPH/
TPCp-Value 

(p < 0.05)

DPPH/TFC 
p-Value (p < 

0.05)

Mean ± SD (mM 
TEAC/100 mL)

FRAP/TPC 
p-Value (p < 

0.05)

FRAP/TFC 
p-Value (p < 

0.05)
60084 234.73 ± 0.61 16.83 ± 0.25 52.8 ± 0.20 1.03×10-10 4.25×10-9 90.9 ± 1.15 4.53×10-9 4.32×10-8

60085 207.47 ± 0.31 16.50 ± 0.10 55.6 ± 0.30 4.21×10-11 2.85×10-9 117.3 ± 0.44 8.09×10-10 2.58×10-10

60086 134.93 ± 0.55 10.40 ± 0.36 47.4 ± 0.36 2.13×10-9 2.40×10-8 48.5 ± 0.32 1.97×10-9 1.71×10-8

60087 210.23 ± 0.91 13.63 ± 0.38 54.4 ± 0.35 1.01×10-9 1.71×10-8 78.5 ± 0.31 1.85×10-9 2.11×10-9

60090 119.60 ± 0.50 10.23 ± 0.32 49.4 ± 0.38 4.23×10-9 1.72×10-8 53.47 ± 0.40 5.95×10-9 1.35×10-8

60091 107.90 ± 0.30 9.70 ± 0.30 34.9 ± 0.44 1.84×10-9 1.29×10-7 42.50 ± 0.36 1.76×10-9 2.78×10-8

60088 345.30 ± 0.26 18.30 ± 0.26 56.5 ± 0.30 2.45×10-12 4.08×10-5 171.4 ± 0.26 1.42×10-11 1.86×10-7

60089 237.40 ± 0.70 15.80 ± 0.17 92.5 ± 0.35 5.69×10-10 4.52×10-10 118.6 ± 0.20 9.40×10-10 2.92×10-11

TPC: total polyphenol content (mg GAE/100 mL); TFC: total flavonoid content (mg QE/100 mL); TEAC: mg equivalent to 1 mM Trolox/100 mL; 
Reference compounds: *gallic acid, **quercetin, ϴ Trolox; ANOVA: one-way analysis of variance. Samples of reference wines (60088 and 60089) from 
industrial manufacture.

Table 2. Relationship of the content of polyphenols and total flavonoids with the antioxidant activity of wines by the DPPH and 
FRAP methods.

Wine 
sample 

code

TPC and DPPH 
Relation

Correlation TPC and FRAP 
Relation

Correlation TFC and DPPH 
Relation

Correlation TFC and FRAP 
Relation

Correlation

r R2 r R2 r R2 r R2

60084 -0.3273 0.1071 Moderate -0.1889 0.0357 Poor -0.9934 0.9868 Strong 0.9176 0.8421 Strong
60085 -0.9820 0.9643 Strong 0.0751 0.0056 Poor -1.0 1.0 Strong -0.1147 0.0132 Poor
60086 0.7302 0.5332 Strong 0.8096 0.6554 Strong 0.8462 0.7160 Strong 0.9059 0.8207 Strong
60087 -0.4603 0.2118 Moderate -0.9499 0.9024 Strong -0.8399 0.7054 Strong -0.9798 0.9601 Strong
60090 -0.7924 0.9932 Strong -0.9897 0.9796 Strong 0.9586 0.9190 Strong 0.9750 0.9506 Strong
60091 0.8029 0.6447 Strong -0.2773 0.0769 Poor 0.8029 0.6447 Strong -0.2773 0.0769 Poor
60088 -0.9450 0.8929 Strong -1.0 1.0 Strong -0.8990 0.8082 Strong -0.7061 0.4986 Strong
60089 -0.9960 0.9932 Strong -0.5 0.2500 Moderate 0.8219 0.6757 Strong 0.0000 0.0 Null

r: correlation; R2: coefficient of determination. Samples of reference wines (60088 and 60089) from industrial manufacture.
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0.9601) and a positive and strong correlation for sample 
60090 (r = 0.9750, R2 = 0.9506), being higher compared to 
the reference wines 60088 and 60089.

These results indicate the potential antioxidant activity 
of artisanal wines, which would be due to their polyphe-
nolic compounds (sample 60086) and flavonoids (60085 
and 60090). In previous studies it has been reported that 
the antioxidant activity of wines is due to their polypheno-
lic compounds, which supports the findings in the pres-
ent study. In two recent studies, they attribute resveratrol 
from red wine as the phenolic compound responsible for 
the antioxidant activity (Şöhretoğlu et al. 2022; Lalani et 
al. 2023). Regarding the benefits of phenolic compounds 
in wine, they can increase HDL cholesterol levels and de-
crease platelet aggregation (de Gaetano et al. 2002; Huxley 
and Neil 2003; Arranz et al. 2012). Likewise, resveratrol 
and piceatannol have been shown to inhibit tyrosine ki-
nase and AKT1/mTORC2, suppressing tumor growth 
(Potter et al. 2002; Ruparelia et al. 2024). Additionally, 
resveratrol could have a synergistic effect with cisplatin, 
doxorubicin, docetaxel, and paclitaxel in the treatment of 
breast cancer (Behroozaghdam et al. 2022).

In the present study, the antioxidant activity of the 
wines from the Ica Valley has been demonstrated, but 
it is also relevant for public health to know the levels of 
insecticides and pesticides that could be concentrated 
in the wines. Hence the interest in studying the con-
centration levels of glyphosate in wines produced by 
artisanal wineries of the Pisco Routes. Glyphosate was 
found below the maximum residue levels (MRL) (Table 
3). Upon statistical analysis, it was verified that the coef-
ficient of variation is less than 30% (3.39–24.74%), indi-
cating that the glyphosate concentration of the samples 
is relatively homogeneous; therefore, the meaning is 
representative. These results are consistent with the 95% 
confidence interval given that their values are closer to 
zero. While the means of glyphosate values in the wines 
produced by artisanal wineries and industrial wineries 
are statistically significant with a probability (p-value < 
α = 0.05) that the mean glyphosate values of each wine 
sample do not exceed MRL values of 0.1 mg/L (0.1 ppm) 
(Lapierre et al. 2024).

In a previous study reported by Zoller et al. (2018), the 
presence of glyphosate has been indicated in wine samples, 
with concentrations that reached up to 0.0132 mg/L. Mean-
while, Lopez et al. (2020) found levels of 0.01 mg/L in wine 
and beer; In another study Pérez-Mayán et al. (2022) gly-
phosate was reported in red and white wines at a concentra-
tion of 0.0014 to 0.0314 mg/L. Recently, Lapierre et al. (2024) 
have found levels of glyphosate in 36 distilled alcoholic bev-
erages below 0.0012 mg/L. In all these studies, the glypho-
sate values are below the MRL, as found in the present study.

In previous studies, it has been shown that glyphosate 
increases the risk of endocrine dysfunction, decreasing 
gametogenesis and androgen synthesis (Defarge et al. 
2016; Madani and Carpenter 2022); may increase the risk 
of Parkinson’s disease and autism (Madani and Carpenter 
2022; Rojas Avellaneda et al. 2023). On the other hand, 
Gasnier et al. (2009) report that glyphosate induces oxi-
dative stress, and later Mesnage et al. (2015) indicate that 
glyphosate can be toxic even below the MRL or cause tera-
togenic effects, induce cancer risk, and generate hepato-
toxicity and renal dysfunction.

Due to this evidence, it is necessary to monitor the use 
of glyphosate in grapevine crops and determine the MRL 
of glyphosate in the wines of the Ica Valley to avoid pos-
sible diseases due to long-term wine consumption. Fig. 2 
represents the chromatograms of the eight wine samples 
that were analyzed with codes (60084–60091) to avoid any 
bias of the analyst or researchers. It is observed that the 
acquisition time of glyphosate is, on average, 2 min in the 
eight wine samples analyzed.

The main limitation of the present study is having 
evaluated samples of artisanal wines from three districts 
despite the fact that they are made in other districts of 
the Ica Valley; another limitation that can lead to bias is 
not having quantified and characterized the phenolic and 
flavonoid compounds present in wines from the samples 
studied, so the research team is considering evaluating all 
of this in a future study. Without prejudice to the above 
and even though there are various studies worldwide on 
the presence of glyphosate in wine, our research group is 
the first to explore glyphosate in wines from the Ica Valley, 
which is the most wine-producing region in Peru. Addi-
tionally, we consider that this study is relevant for demon-
strating that wines made in a homemade (artisanal) way 
do not lose their antioxidant activity, and it is additionally 
evident that the glyphosate content is below the MRL.

Conclusion

It is concluded that the samples of artisanal wines have 
the same antioxidant activity that would be due to their 
polyphenolic and flavonoid compounds. It has also been 
shown that the glyphosate content is below the maximum 
permissible limit values (0.1 mg/L).

In this sense, its residual effect would have no implica-
tion on human health; however, it is important to know the 
cumulative effect on the human organs of the residents of 
the Ica Valley who frequently consume these types of wines.

Table 3. Mean values of glyphosate concentration in artisanal 
and industrial wines from the Pisco Routes of the Ica Valley.

Sample 
code

Mean ± SD 
(mg/L)

VC% 95% CI p-Value (p < 
0.05)

60084 0.005 ± 0.0002 3.39 0.004904–0.005296 1.66×10-5

60085 0.008 ± 0.0010 12.50 0.006868–0.009132 3.68×10-5

60086 0.001 ± 0.0003 24.74 0.000840–0.001493 9.01×10-6

60087 0.001 ± 0.0001 10.82 0.000936–0.001197 8.39×10-6

60090 0.015 ± 0.0020 13.33 0.012737–0.017263 2.72×10-4

60091 0.011 ± 0.0015 13.47 0.009605–0.013062 5.92×10-4

60088 0.012 ± 0.0015 12.38 0.010605–014062 5.16×10-5

60089 0.001 ± 0.0001 10.82 0.000936–0.001197 2.72×10-4

SD: standard deviation; VC%: variation coefficient; 95% CI: 95% confi-
dence interval. Samples of reference wines (60088 and 60089) from in-
dustrial manufacture.
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Figure 2. Glyphosate identification chromatograms in wine samples from artisanal wineries. G, H. correspond to the chromato-
grams of the industrial wine samples considered as references in the present study.

A B

C D

E F



Pharmacia 72: 1–12 9

Acknowledgments
The authors thank the members of the Molecular Pharma-
cology Society of Peru for their participation in this study. 
This research did not receive any specific grant from funding 
agencies in the public, commercial, or not-for-profit sectors.

Additional information
Conflict of interest

The authors have declared that no competing interests exist.

Ethical statements
The authors declared that no clinical trials were used in the pres-
ent study.
The authors declared that no experiments on humans or human 
tissues were performed for the present study.
The authors declared that no informed consent was obtained 
from the humans, donors or donors’ representatives participat-
ing in the study.
The authors declared that no experiments on animals were per-
formed for the present study.
The authors declared that no commercially available immortal-
ised human and animal cell lines were used in the present study.

Funding
This research received no external funding.

Author contributions
Conceptualization, methodology and research: Angel T. Alvara-
do, Jorge Martínez-Herrera, Felipe Surco-Laos, Jorge A. García, 
María R. Bendezú, Haydee Chávez, Doris Laos-Anchante, 
Pompeyo A. Cuba-García, Elizabeth J. Melgar-Merino, Aura 
Molina-Cabrera, Nelly Vega-Ramos, Eddie Loyola-Gonzales, 
Juan F. Panay-Centeno, Paulina Eliades Yarasca-Carlos, Mario 

Pineda-Pérez, Mario Bolarte-Arteaga, Ricardo Pariona-Llanos, 
Berta Loja-Herrera.

Literature search and analysis: Haydee Chávez, Doris 
Laos-Anchante, Pompeyo A. Cuba-García, Elizabeth J. Mel-
gar-Merino, Aura Molina-Cabrera, Nelly Vega-Ramos.

Data acquisition and analysis: Felipe Surco-Laos, Jorge A. 
García, María R. Bendezú, Haydee Chávez, Eddie Loyola-Gon-
zales, Juan F. Panay-Centeno.

Statistical analysis: Paulina Eliades Yarasca-Carlos, Mario 
Pineda-Pérez, Mario Bolarte-Arteaga, Ricardo Pariona-Llanos, 
Berta Loja-Herrera.

Writing of the manuscript-draft: Angel T. Alvarado, Felipe 
Surco-Laos, Jorge A. García, María R. Bendezú, Haydee Chávez, 
Doris Laos-Anchante.

Review and editing of the original manuscript: Jorge 
Martínez-Herrera, Mario Pineda-Pérez, Mario Bolarte-Arteaga, 
Ricardo Pariona-Llanos, Berta Loja-Herrera.

Final review and approval of the manuscript: Angel T. Alvarado, 
Jorge Martínez-Herrera, Felipe Surco-Laos, Jorge A. García, María 
R. Bendezú, Haydee Chávez, Doris Laos-Anchante, Pompeyo A. 
Cuba-García, Elizabeth J. Melgar-Merino, Aura Molina-Cabrera, 
Nelly Vega-Ramos, Eddie Loyola-Gonzales, Juan F. Panay-Cen-
teno, Paulina Eliades Yarasca-Carlos, Mario Pineda-Pérez, Mario 
Bolarte-Arteaga, Ricardo Pariona-Llanos, Berta Loja-Herrera.

Author ORCIDs
Angel T. Alvarado  https://orcid.org/0000-0001-8694-8924
Felipe Surco-Laos  https://orcid.org/0000-0003-0805-5535
Jorge A. García  https://orcid.org/0000-0001-9880-7344
María R. Bendezú  https://orcid.org/0000-0002-3053-3057
Haydee Chávez  https://orcid.org/0000-0002-8717-4307
Mario Pineda-Pérez  https://orcid.org/0000-0001-6818-7797

Data availability
All of the data that support the findings of this study are available 
in the main text.

G H

Figure 2. Continued.

https://orcid.org/0000-0001-8694-8924
https://orcid.org/0000-0003-0805-5535
https://orcid.org/0000-0001-9880-7344
https://orcid.org/0000-0002-3053-3057
https://orcid.org/0000-0002-8717-4307
https://orcid.org/0000-0001-6818-7797


Alvarado AT et al.: Antioxidant activity and glyphosate content in artisanal wines10

References
Aldecoa F, Avila J (2021) La vía canónica PI3K/AKT/mTOR y sus al-

teraciones en cáncer. Horizonte Medico 21: e1547. https://doi.
org/10.24265/horizmed.2021.v21n4.15

Alvarado AT, Muñoz AM, Bartra MS, Valderrama-Wong M, González 
D, Quiñones LA, Varela N, Bendezú MR, García JA, Loja-Herrera B 
(2021a) Frequency of CYP1A1*2A polymorphisms and deletion of 
the GSMT1 gene in a Peruvian mestizo population. Pharmacia 68: 
747–754. https://doi.org/10.3897/pharmacia.68.e71621

Alvarado AT, Ybañez-Julca R, Muñoz AM, Tejada-Bechi C, Cerro R, 
Quiñones LA, Varela N, Alvarado CA, Alvarado E, Bendezú MR, 
García JA (2021b) Frequency of CYP2D6*3 and *4 and metabolizer 
phenotypes in three mestizo Peruvian populations. Pharmacia 68: 
891–898. https://doi.org/10.3897/pharmacia.68.e75165

Alvarado AT, Pineda M, Moreno G, Pérez J, Sullón L, Muñoz AM, Bo-
larte M, Tasayco N, Loja B, Bendezú MR, García JA, Surco F, Laos D, 
Chávez H, Ferreyra C (2023a) Abamectin and emamectin in grapes 
of Vitis vinifera L. from a district of the Valley of Ica-Peru. Journal 
of Pharmacy & Pharmacognosy Research 11: 775–786. https://doi.
org/10.56499/jppres23.1681_11.5.775

Alvarado AT, Muñoz AM, Tasayco-Yataco N, Gamarra-Castillo F, 
Ybañez-Julca RO, Bendezú MR, Chávez H, García JA, Surco-Laos 
F, Melgar-Merino EJ, Cuba-Garcia PA, Castillo-Romero P, Vega-Ra-
mos N, Loja-Herrera B, Pineda-Pérez M, Bolarte-Arteaga M (2023b) 
In vitro antioxidant and in vivo hypoglycemic activity of biophenols 
and polyunsaturated fatty acids from Vitis vinifera L. muscat and 
quebranta seeds from the Valley of Ica-Peru. Pharmacia 70: 733–744. 
https://doi.org/10.3897/pharmacia.70.e109129

Alvarado AT, Chávez H, García JA, Bendezú MR, Surco-Laos F, Moli-
na-Cabrera A, Laos-Anchante D, Vega-Ramos N, Palomino-Jhong JJ, 
Yarasca-Carlos PE, Loja-Herrera B, Pineda-Pérez M, Bolarte-Arteaga 
M (2024) Biophenolic compounds and metal ions associated with the 
antioxidant and antibacterial activity of the ethanolic extract of Helio-
tropium arborescens L. leaves from the Andean region of Ayacucho-Pe-
ru. Pharmacia 71: 1–12. https://doi.org/10.3897/pharmacia.71.e120315

Arranz S, Chiva-Blanch G, Valderas-Martínez P, Medina-Remón A, La-
muela-Raventós RM, Estruch R (2012) Wine, beer, alcohol and poly-
phenols on cardiovascular disease and cancer. Nutrients 4: 759–781. 
https://doi.org/10.3390/nu4070759

Bardales R, Yana I, Cuadros L, Ramos E, Torres MR (2022) Riqueza vari-
etal de vid (Vitis vinífera L.) del Valle de Majes, Perú: Identificación, 
caracterización morfológica, análisis ampelográfico y genético. Sci-
entia Agropecuaria 13: 197–208. http://doi.org/10.17268/sci.agrope-
cu.2022.018

Behroozaghdam M, Dehghani M, Zabolian A, Kamali D, Javanshir S, 
Hasani Sadi F, Hashemi M, Tabari T, Rashidi M, Mirzaei S, Zarepour 
A, Zarrabi A, De Greef D, Bishayee A (2022) Resveratrol in breast 
cancer treatment: from cellular effects to molecular mechanisms 
of action. Cellular and Molecular Life Sciences 79: 539. https://doi.
org/10.1007/s00018-022-04551-4

Cáceres H, Quispe P, Pignataro D, Orjeda G, Lacombe T (2017) Car-
acterización morfológica de variedades de vid para producción de 
Pisco bajo condiciones de la zona media del valle de Ica, Perú. Sci-
entia Agropecuaria 8: 63–72. https://doi.org/10.17268/sci.agrope-
cu.2017.01.06

Chang TK, Chen J, Yu CT (2007) In vitro inhibition of rat CY-
P1A1 and CYP1A2 by piceatannol, a hydroxylated metabolite of 

trans-resveratrol. Drug Metabolism Letters 1: 13–16. https://doi.
org/10.2174/187231207779814337

Chen ZH, Hurh YJ, Na HK, Kim JH, Chun YJ, Kim DH, Kang KS, Cho 
MH, Surh YJ (2004) Resveratrol inhibits TCDD-induced expression 
of CYP1A1 and CYP1B1 and catechol estrogen-mediated oxidative 
DNA damage in cultured human mammary epithelial cells. Carcino-
genesis 25: 2005–2013. https://doi.org/10.1093/carcin/bgh183

Cheynier V, Comte G, Davies KM, Lattanzio V, Martens S (2013) Plant 
phenolics: recent advances on their biosynthesis, genetics, and eco-
physiology. Plant physiology and biochemistry 72: 1–20. https://doi.
org/10.1016/j.plaphy.2013.05.009

Chow HH, Garland LL, Hsu CH, Vining DR, Chew WM, Miller JA, 
Perloff M, Crowell JA, Alberts DS (2010) Resveratrol modulates 
drug- and carcinogen-metabolizing enzymes in a healthy volun-
teer study. Cancer Prevention Research 3: 1168–1175. https://doi.
org/10.1158/1940-6207.CAPR-09-0155

Defarge N, Takács E, Lozano VL, Mesnage R, Spiroux de Vendômois J, 
Séralini GE, Székács A (2016) Co-Formulants in Glyphosate-Based 
Herbicides Disrupt Aromatase Activity in Human Cells below Toxic 
Levels. International Journal of Environmental Research and Public 
Health 13: 264. https://doi.org/10.3390/ijerph13030264

de Gaetano G, Di Castelnuovo A, Rotondo S, Iacoviello L, Donati MB 
(2002) A meta-analysis of studies on wine and beer and cardiovas-
cular disease. Pathophysiology of Haemostasis and Thrombosis 32: 
353–355. https://doi.org/10.1159/000073598

Fedele G, Brischetto C, Rossi V (2020) Biocontrol of Botrytis cinerea on 
Grape Berries as Influenced by Temperature and Humidity. Frontiers 
in Plant Science 11: 1232. https://doi.org/10.3389/fpls.2020.01232

Gasnier C, Dumont C, Benachour N, Clair E, Chagnon MC, Séralini 
GE (2009) Glyphosate-based herbicides are toxic and endocrine 
disruptors in human cell lines. Toxicology 262: 184–191. https://doi.
org/10.1016/j.tox.2009.06.006

Guthrie AR, Chow HS, Martinez JA (2017) Effects of resveratrol on 
drug- and carcinogen-metabolizing enzymes, implications for can-
cer prevention. Pharmacology Research & Perspectives 5: e00294. 
https://doi.org/10.1002/prp2.294

Hazra A, Gogtay N (2016) Biostatistics Series Module 6: Correlation 
and Linear Regression. Indian Journal of Dermatology 61: 593–601. 
https://doi.org/10.4103/0019-5154.193662

Heap I, Duke SO (2018) Overview of glyphosate-resistant weeds 
worldwide. Pest Management Science 74: 1040–1049. https://doi.
org/10.1002/ps.4760

Hsieh TC, Lin CY, Lin HY, Wu JM (2012) AKT/mTOR as Novel Tar-
gets of Polyphenol Piceatannol Possibly Contributing to Inhibition of 
Proliferation of Cultured Prostate Cancer Cells. ISRN Urology 2012: 
272697. https://doi.org/10.5402/2012/272697

Hu TM, Gavahian M, Pradhan R, Lu SY, Chu YL (2023) Functional, 
antioxidant, and sensory properties of mixed-fruit (pitaya, water-
melon, and mint) and pitaya wines. Food Science & Nutrition 11: 
3442–3449. https://doi.org/10.1002/fsn3.3334

Huxley RR, Neil HA (2003) The relation between dietary flavonol intake 
and coronary heart disease mortality: a meta-analysis of prospective 
cohort studies. European Journal of Clinical Nutrition 57: 904–908. 
https://doi.org/10.1038/sj.ejcn.1601624

Ignat I, Volf I, Popa VI (2011) A critical review of methods for char-
acterisation of polyphenolic compounds in fruits and vegetables. 

https://doi.org/10.24265/horizmed.2021.v21n4.15
https://doi.org/10.24265/horizmed.2021.v21n4.15
https://doi.org/10.3897/pharmacia.68.e71621
https://doi.org/10.3897/pharmacia.68.e75165
https://doi.org/10.56499/jppres23.1681_11.5.775
https://doi.org/10.56499/jppres23.1681_11.5.775
https://doi.org/10.3897/pharmacia.70.e109129
https://doi.org/10.3897/pharmacia.71.e120315
https://doi.org/10.3390/nu4070759
http://doi.org/10.17268/sci.agropecu.2022.018
http://doi.org/10.17268/sci.agropecu.2022.018
https://doi.org/10.1007/s00018-022-04551-4
https://doi.org/10.1007/s00018-022-04551-4
https://doi.org/10.17268/sci.agropecu.2017.01.06
https://doi.org/10.17268/sci.agropecu.2017.01.06
https://doi.org/10.2174/187231207779814337
https://doi.org/10.2174/187231207779814337
https://doi.org/10.1093/carcin/bgh183
https://doi.org/10.1016/j.plaphy.2013.05.009
https://doi.org/10.1016/j.plaphy.2013.05.009
https://doi.org/10.1158/1940-6207.CAPR-09-0155
https://doi.org/10.1158/1940-6207.CAPR-09-0155
https://doi.org/10.3390/ijerph13030264
https://doi.org/10.1159/000073598
https://doi.org/10.3389/fpls.2020.01232
https://doi.org/10.1016/j.tox.2009.06.006
https://doi.org/10.1016/j.tox.2009.06.006
https://doi.org/10.1002/prp2.294
https://doi.org/10.4103/0019-5154.193662
https://doi.org/10.1002/ps.4760
https://doi.org/10.1002/ps.4760
https://doi.org/10.5402/2012/272697
https://doi.org/10.1002/fsn3.3334
https://doi.org/10.1038/sj.ejcn.1601624


Pharmacia 72: 1–12 11

Food chemistry 126: 1821–1835. https://doi.org/10.1016/j.food-
chem.2010.12.026

Lalani AR, Fakhari F, Radgoudarzi S, Rastegar-Pouyani N, Moloudi K, 
Khodamoradi E, Taeb S, Najafi M (2023) Immunoregulation by res-
veratrol; implications for normal tissue protection and tumour sup-
pression. Clinical and Experimental Pharmacology & Physiology 50: 
353–368. https://doi.org/10.1111/1440-1681.13760

Lapierre C, Erlandson LW, Stoneroad Ii R, Rhiner A, Gosnell R, Barber 
J, Pham L (2024) Substances of health concern in home-distilled and 
commercial alcohols from Texas. Heliyon 10: e32317. https://doi.
org/10.1016/j.heliyon.2024.e32317

Liao Wan-Rou, Wu Kuan-Lu, Chiang Kun-Hao, Teng Chieh-En, Chen 
Sung-Fang (2022) Analysis of highly polar pesticides in foods by LC-
MS/MS. Journal of Food and Drug Analysis 30: 538–548. https://doi.
org/10.38212/2224-6614.3420

Li F, Zhu W, Gonzalez FJ (2017) Potential role of CYP1B1 in the develop-
ment and treatment of metabolic diseases. Pharmacology & Therapeu-
tics 178: 18–30. https://doi.org/10.1016/j.pharmthera.2017.03.007

Lopez SH, Dias J, Mol H, de Kok A (2020) Selective multiresidue de-
termination of highly polar anionic pesticides in plant-based milk, 
wine, and beer using hydrophilic interaction liquid chromatograph 
combined with tandem mass spectrometry. Journal of Chromatogra-
phy A 1625. https://doi.org/10.1016/j.chroma.2020.461226

Lorenzo C, Pardo F, Zalacain A, Alonso GL, Salinas MR (2005) Effect of 
red grapes co-winemaking in polyphenols and color of wines. Jour-
nal of Agricultural and Food Chemistry 53: 7609–7616. https://doi.
org/10.1021/jf050848c

Madani NA, Carpenter DO (2022) Effects of glyphosate and glypho-
sate-based herbicides like Roundup™ on the mammalian nervous 
system: A review. Environmental Research 214: 113933. https://doi.
org/10.1016/j.envres.2022.113933

Mesnage R, Defarge N, Spiroux de Vendômois J, Séralini GE (2015) Po-
tential toxic effects of glyphosate and its commercial formulations 
below regulatory limits. Food and Chemical Toxicology 84: 133–153. 
https://doi.org/10.1016/j.fct.2015.08.012

Meyer C, Burmeister T, Gröger D, Tsaur G, Fechina L, Renneville A, 
Sutton R, Venn NC, Emerenciano M, Pombo-de-Oliveira MS, Bar-
bieri Blunck C, Almeida Lopes B, Zuna J, Trka J, Ballerini P, Lapil-
lonne H, De Braekeleer M, Cazzaniga G, Corral Abascal L, van der 
Velden VHJ, Delabesse E, Park TS, Oh SH, Silva MLM, Lund-Aho 
T, Juvonen V, Moore AS, Heidenreich O, Vormoor J, Zerkalenkova 
E, Olshanskaya Y, Bueno C, Menendez P, Teigler-Schlegel A, Stadt 
UZ, Lentes J, Göhring G, Kustanovich A, Aleinikova O, Schäfer BW, 
Kubetzko S, Madsen HO, Gruhn B, Duarte X, Gameiro P, Lippert E, 
Bidet A, Cayuela JM, Clappier E, Alonso CN, Zwaan CM, van den 
Heuvel-Eibrink MM, Izraeli S, Trakhtenbrot L, Archer P, Hancock J, 
Möricke A, Alten J, Schrappe M, Stanulla M, Strehl S, Attarbaschi A, 
Dworzak M, Haas OA, Panzer-Grümayer R, Sedék L, Szczepański T, 
Caye A, Suarez L, Cavé H, Marschalek R(2018) The MLL recombi-
nome of acute leukemias in 2017. Leukemia 32: 273–284. https://doi.
org/10.1038/leu.2017.213

Miksits M, Maier-Salamon A, Aust S, Thalhammer T, Reznicek G, Ku-
nert O, Haslinger E, Szekeres T, Jaeger W (2005) Sulfation of resvera-
trol in human liver: evidence of a major role for the sulfotransferases 
SULT1A1 and SULT1E1. Xenobiotica 35: 1101–1119. https://doi.
org/10.1080/00498250500354253

Murray GI, Melvin WT, Greenlee WF, Burke MD (2001) Regulation, 
function, and tissue-specific expression of cytochrome P450 CY-

P1B1. Annual Review of Pharmacology and Toxicology 41: 297–316. 
https://doi.org/10.1146/annurev.pharmtox.41.1.297

Pertot I, Giovannini O, Benanchi M, Caffi T, Rossi V, Mugnai L (2017) 
Combining biocontrol agents with different mechanisms of action in 
a strategy to control Botrytis cinerea on grapevine. Crop Protection 
97: 85–93. https://doi.org/10.1016/j.cropro.2017.01.010

Pérez-Mayán L, Castro G, Ramil M, Cela R, Rodríguez I (2022) Ap-
proaches to liquid chromatography tandem mass spectrometry as-
sessment of glyphosate residues in wine. Analytical and Bioanalytical 
Chemistry 414: 1445–1455. https://doi.org/10.1007/s00216-021-
03775-w

Potter GA, Patterson LH, Wanogho E, Perry PJ, Butler PC, Ijaz T, Rupare-
lia KC, Lamb JH, Farmer PB, Stanley LA, Burke MD (2002) The can-
cer preventative agent resveratrol is converted to the anticancer agent 
piceatannol by the cytochrome P450 enzyme CYP1B1. British Jour-
nal of Cancer 86: 774–778. https://doi.org/10.1038/sj.bjc.6600197

Ramos-Escudero F, Muñoz AM, Alvarado-Ortíz C, Alvarado Á, Yáñez 
JA (2012) Purple corn (Zea mays L.) phenolic compounds profile 
and its assessment as an agent against oxidative stress in isolated 
mouse organs. Journal of Medicinal Food 15: 206–215. https://doi.
org/10.1089/jmf.2010.0342

Reineke A, Thiéry D (2016) Grapevine insect pests and their natural 
enemies in the age of global warming. Journal of Pest Science 89: 
313–328. https://doi.org/10.1007/s10340-016-0761-8

Rocchetti G, Ferrari F, Trevisan M, Bavaresco L (2021) Impact of Cli-
matic Conditions on the Resveratrol Concentration in Blend of Vitis 
vinifera L. cvs. Barbera and Croatina Grape Wines. Molecules 26: 
401. https://doi.org/10.3390/molecules26020401

Rojas Avellaneda P, Barrios Healey S, Vela Ruiz J (2023) Impacto neu-
rotóxico del glifosato en el desarrollo de Trastornos del Espectro Au-
tista. Anales de la Facultad de Ciencias Médicas 56: 114–117. http://
doi.org/10.18004/anales/2023.056.03.114

Román GC, Jackson RE, Gadhia R, Román AN, Reis J (2019) Mediterra-
nean diet: The role of long-chain ω-3 fatty acids in fish; polyphenols 
in fruits, vegetables, cereals, coffee, tea, cacao and wine; probiotics 
and vitamins in prevention of stroke, age-related cognitive decline, 
and Alzheimer disease. Revue Neurologique 175: 724–741. https://
doi.org/10.1016/j.neurol.2019.08.005

Ruparelia KC, Zeka K, Beresford KJM, Wilsher NE, Potter GA, An-
droutsopoulos VP, Brucoli F, Arroo RRJ (2024) CYP1-activa-
tion and anticancer properties of synthetic methoxylated res-
veratrol analogues. Molecules 29: 423. https://doi.org/10.3390/
molecules29020423

Sánchez-Siles M, Pelegrín-Hernández JP, Hellin-Meseguer D, Guerre-
ro-Sánchez Y, Corno-Caparrós A, Cabezas-Herrera J, Pastor-Quiran-
te F, Fernández-Ruiz JA, Aliaga-Sánchez A, Lucero-Berdugo M, 
Camacho-Alonso F (2020) Genotype of null polymorphisms in 
genes GSTM1, GSTT1, CYP1A1, and CYP1A1*2A (rs4646903 
T>C)/CYP1A1*2C (rs1048943 A>G) in patients with larynx cancer 
in southeast Spain. Cancers 12: 2478. https://doi.org/10.3390/can-
cers12092478

Slany RK (2009) The molecular biology of mixed lineage leukemia. 
Haematologica 94: 984–993. https://doi.org/10.3324/haema-
tol.2008.002436

Şöhretoğlu D, Barut B, Sari S, Özel A, Kuruüzüm-Uz A, Arroo R (2022) 
In vitro and in silico investigation of DNA interaction, topoisomer-
ase I and II inhibitory properties of polydatin. Chemistry & Biodiver-
sity 19: e202200352. https://doi.org/10.1002/cbdv.202200352

https://doi.org/10.1016/j.foodchem.2010.12.026
https://doi.org/10.1016/j.foodchem.2010.12.026
https://doi.org/10.1111/1440-1681.13760
https://doi.org/10.1016/j.heliyon.2024.e32317
https://doi.org/10.1016/j.heliyon.2024.e32317
https://doi.org/10.38212/2224-6614.3420
https://doi.org/10.38212/2224-6614.3420
https://doi.org/10.1016/j.pharmthera.2017.03.007
https://doi.org/10.1016/j.chroma.2020.461226
https://doi.org/10.1021/jf050848c
https://doi.org/10.1021/jf050848c
https://doi.org/10.1016/j.envres.2022.113933
https://doi.org/10.1016/j.envres.2022.113933
https://doi.org/10.1016/j.fct.2015.08.012
https://doi.org/10.1038/leu.2017.213
https://doi.org/10.1038/leu.2017.213
https://doi.org/10.1080/00498250500354253
https://doi.org/10.1080/00498250500354253
https://doi.org/10.1146/annurev.pharmtox.41.1.297
https://doi.org/10.1016/j.cropro.2017.01.010
https://doi.org/10.1007/s00216-021-03775-w
https://doi.org/10.1007/s00216-021-03775-w
https://doi.org/10.1038/sj.bjc.6600197
https://doi.org/10.1089/jmf.2010.0342
https://doi.org/10.1089/jmf.2010.0342
https://doi.org/10.1007/s10340-016-0761-8
https://doi.org/10.3390/molecules26020401
http://doi.org/10.18004/anales/2023.056.03.114
http://doi.org/10.18004/anales/2023.056.03.114
https://doi.org/10.1016/j.neurol.2019.08.005
https://doi.org/10.1016/j.neurol.2019.08.005
https://doi.org/10.3390/molecules29020423
https://doi.org/10.3390/molecules29020423
https://doi.org/10.3390/cancers12092478
https://doi.org/10.3390/cancers12092478
https://doi.org/10.3324/haematol.2008.002436
https://doi.org/10.3324/haematol.2008.002436
https://doi.org/10.1002/cbdv.202200352


Alvarado AT et al.: Antioxidant activity and glyphosate content in artisanal wines12

Surco F, García JA, Bendezú MR, Alvarado AT, Laos D, Valle M, Panay 
J, Palomino JJ, Yarasca PE, Muñoz AM, Bolarte M, Pineda M, Loja 
B (2023) Characterization of polyunsaturated fatty acids and anti-
oxidant activity of Vitis vinifera L. (grape) seeds from the Ica Valley, 
Peru. Journal of Pharmacy & Pharmacognosy Research 11: 270–280. 
https://doi.org/10.56499/jppres23.1575_11.2.270

Takano HK, Dayan FE (2020) Glufosinate-ammonium: a review of the 
current state of knowledge. Pest Management Science 76: 3911–3925. 
https://doi.org/10.1002/ps.5965

Tang YM, Green BL, Chen GF, Thompson PA, Lang NP, Shinde A, Lin 
DX, Tan W, Lyn-Cook BD, Hammons GJ, Kadlubar FF (2000) Human 
CYP1B1 Leu432Val gene polymorphism: ethnic distribution in Afri-
can-Americans, Caucasians and Chinese; oestradiol hydroxylase activi-
ty; and distribution in prostate cancer cases and controls. Pharmacoge-
netics 10: 761–766. https://doi.org/10.1097/00008571-200012000-00001

Tsuchiya Y, Nakajima M, Kyo S, Kanaya T, Inoue M, Yokoi T (2004) Hu-
man CYP1B1 is regulated by estradiol via estrogen receptor. Cancer Re-
search 64: 3119–3125. https://doi.org/10.1158/0008-5472.can-04-0166

Van Bruggen AHC, He MM, Shin K, Mai V, Jeong KC, Finckh MR, Mor-
ris Jr JG (2018) Environmental and health effects of the herbicide 
glyphosate. The Science of the Total Environment 616–617: 255–268. 
https://doi.org/10.1016/j.scitotenv.2017.10.309

Waterhouse AL (2002) Wine phenolics. Annals of the New York Acade-
my of Sciences 957: 21–36. https://doi.org/10.1111/j.1749-6632.2002.
tb02903.x

Waterhouse AL, Sacks GL, Jeffery DW (2016) Understanding wine 
chemistry. John Wiley & Sons, Chichester, England, 480 pp. https://
doi.org/10.1002/9781118730720

Wu X, Li C, Xing G, Qi X, Ren J (2013) Resveratrol Downregulates 
Cyp2e1 and Attenuates Chemically Induced Hepatocarcinogenesis 
in SD Rats. Journal of Toxicologic Pathology 26: 385–392. https://
doi.org/10.1293/tox.2013-0020

Zoller O, Rhyn P, Rupp H, Zarn JA, Geiser C (2018) Glyphosate residues 
in Swiss market foods: monitoring and risk evaluation. Food Addi-
tives & Contaminants 11: 83–91. https://doi.org/10.1080/19393210.
2017.1419509

https://doi.org/10.56499/jppres23.1575_11.2.270
https://doi.org/10.1002/ps.5965
https://doi.org/10.1097/00008571-200012000-00001
https://doi.org/10.1158/0008-5472.can-04-0166
https://doi.org/10.1016/j.scitotenv.2017.10.309
https://doi.org/10.1111/j.1749-6632.2002.tb02903.x
https://doi.org/10.1111/j.1749-6632.2002.tb02903.x
https://doi.org/10.1002/9781118730720
https://doi.org/10.1002/9781118730720
https://doi.org/10.1293/tox.2013-0020
https://doi.org/10.1293/tox.2013-0020
https://doi.org/10.1080/19393210.2017.1419509
https://doi.org/10.1080/19393210.2017.1419509

	Antioxidant activity of polyphenols and permissible values of glyphosate in artisanal wines from the Pisco Routes of the Ica Valley, Peru
	Abstract
	Introduction
	Materials and methods
	Reagents and standards
	Samples
	Total polyphenol content
	Total flavonoid content
	Determination of antioxidant activity by the 2,2-diphenyl-1-picrylhydrazyl (DPPH) radical scavenging assay
	Determination of antioxidant activity using the ferric reducing antioxidant power (FRAP) assay
	Direct determination of glyphosate
	Statistical analysis

	Results and discussion
	Conclusion
	Acknowledgments
	Additional information
	References

