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Abstract:

In this study we are interested in the extracts of non-delipidated seeds of Datura which are not widely studied.
This study aims to optimize the extraction conditions in aqueous medium of polyphenols and to compare the
extraction rates in organic solvents at room temperature with that of water at the optimal extraction temperature.
We show that the temperature, extraction time and water-to-leaf ratio had significant effects on the yield of
extracted polyphenols as well as scavenging and total antioxidant activities. The optimal extraction conditions
were 80°C for 40 min, with a non-delipidated seed/water ratio of 1:100 g/mL. Higher levels of polyphenols and
flavonoids were extracted from methanol (5.56+0.06 mg GAE/g and 2.03+0.11 mg QE/g) and acetone (5.92+0.03
mg GAE/g and 2.32+0.03 mg QE/g) compared to ethanol (2.91+0.02 mg GAE/g and 1.39+0.11 mg QE/g) and
ethyl acetate (2.16+0.04 mg GAE/g and 0.83+0.05 mg QE/g). The TPC extraction rate in water (5.01+0.14 mg
GAE/qg) is comparable to the values found for acetone and methanol while the TFC extraction rate in water
(0.37+0.01 mg QE/q) is lower than the corresponding values in methanol and acetone. The same trend is obtained
in the study of the antiradical activity with DPPH" and CUPRAC. For the DPPH" the TAC is higher for acetone
(3.58+0.02 mg TE/g) and methanol (3.55+0.13 mg TE/g) than the value obtained for water (1.95+0.19 mg TE/qg).
For the CUPRAC the TAC is higher for methanol (11.34+0.22 mg TE/g) and acetone (10.89+0.10 mg TE/g) than
the value obtained for water (3.38+£0.08 mg TE/qg).
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I.  Introduction

Oxidative stress generated a lot of free radicals or peroxided that are harmful to the living. Acting on
macromolecules, the reactive oxygen species (ROS) induce irreversible damages and causes disastrous diseases
such as cancer, diabetes, emphysema, etc. [1]-[4]. Even if they are harmful, they can be useful in the protection
of cells against bacteria and viruses [5]. That is why it is important to level and regulate the concentrations of
ROS in the organisms. This can be achieved by supplementing the organisms with nutrient capable to neutralize
the ROS without being detrimental. That can be attain by using antioxidant like polyphenols. Polyphenols are a
large families of compounds [6]-[9] (flavonoids, phenolic acids, coumarins, tannin, lignin ...) which are widely
distributed in the plant kingdom [10]-[13]. This family of compounds are under scrutiny for several decades to
understand their actions; they are normally provided by the consumption of fruits and vegetables. But it is proved
that other organs of the plants such as leaves, roots, peels and seeds can be a huge source of those compounds [5],
[14], [15]. In this context, Datura stramonium known for its narcotic effect and treating asthma [16], [17] offers
opportunities. The seeds of Datura stramonium are used to attain an hallucinogenic state by smoking it [16] and
they can also, when boiled, used as an alternative for atropine. Datura stramonium seeds have also an analgesic
effects for acute and chronic pain [18]. The consumption of all parts of Datura stramonium are known to be toxic
for humans and livestock [19], [20].

Il.  Material and Methods
a. Plant
Datura stramonium seeds were harvested at Mbetit Gouye (region of Fatick in Senegal 14°25°59.99” N,
16°31°59.99” O). The seeds were collected, rinsed and air dry for two weeks. They were grounded using a grinder
and stored away from light and air to prevent oxidation. The seeds were not defatted prior to the analysis.
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b. Parameters optimization process

Optimization parameters (temperature, duration, and ratio) were conducted using water as solvent and following
the procedure used by Gaye et al. [14] with some modification. Total polyphenol content (TPC) and scavenging
activity by DPPH* were used as response value.

For the determination of the optimum temperature (OT), 0.5 g of seeds powder were extracted in 50 mL of
distillated water at variable temperature (50, 60, 70, 80 and, 90°C) for 20 minutes using a controlled temperature
water bath.

Optimum duration (OD) was determined by setting OT. 0.5 g of seeds powder were weighed and mixed with 50
mL of distillated water at different time (10, 20, 30, 40, 50 and, 60 minutes).

Optimum ratio (OR) was determined by setting OT and OD. Different mass (0,5, 1, 2, 3, 4 and 5 g) were mixed
with 50 mL of distillated water.

c. Extraction process

After the optimization, the optimal settings were fixed to make a proper extraction in water. Four organic solvents
(Methanol, Ethanol, Acetone and Ethyl Acetate) were also chosen to conduct an extraction; at 1g of non-defatted
seed were added 50 mL of the chosen solvent. After 24 h, the mixture is filtered and completed at 50 mL. The
different extracts were stored at —20°C until further notice.

d. Total polyphenol content

The total polyphenols content (TPC) was determined using the method developed by Vuong et al. [21] with
modifications. To 200 pL of diluted sample were added 150 L of Folin-Ciocalteu reagent, 60 pL of Na,CO320%
and 2.32 mL of distillated water. The mixes were incubated in the darkness at room temperature. After 30 minutes,
the absorbance were read at 760 nm using a Perkin-Elmer UV-Vis spectrophotometer Lambda 365. Gallic acid
(GA) was used as standard. Results were expressed as mg GAE/g + Standard deviations.

e. Flavonoids content

The total flavonoids content (TFC) was determined using the method described by Gaye et al. [22]. To 2.5 mL of
sample were added 2.5 mL of an ethanolic solution of AICI; at 2%. The mixes were incubated at room temperature
for 1 h. the absorbance were read at 425 nm using a Perkin-Elmer UV-Vis spectrophotometer Lambda 365.
Quercetin was used as standard, and the results were expressed as mg QE/g + Standard deviations.

f.  Antioxidant activity

i.  Antioxidant capacity and 1C50 determination by DPPH" method
The antioxidant capacity of the different extracts was determined using the method described by Sy et al. [5]. A
working solution was prepared by adding 40 mg of DPPHe« radical to 1L of Methanol. The methanolic solution of
DPPH:" is stocked at —20°C until use. Firstly, the antioxidant capacity is determined by mixing 200 uL of extracts
and 3.8 mL of the methanolic solution of DPPH". Secondly, the IC50 were settled by making several dilutions of
the extracts. The mixes are incubated for 30 minutes at room temperature in the darkness. The absorbance was
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read at 517 nm using a Perkin-Elmer UV-Vis spectrophotometer Lambda 365. TROLOX was used as standard,

and the results were expressed as mg TE/g + Standard deviations.
Absorbance opiror — Absorbanceggmpie

% Inhibition =
Absorbance ontror

ii.  Antioxidant capacity by CUPRAC method
The CUPRAC method was used to determine the total antioxidant capacity (TAC) of our extracts. The method
used was described by Apak et al. [23]. At 1.1 mL of extract were added 1 mL of CuCl; solution, 1 mL of
ammonium acetate buffer (pH 7) and 1 mL of a neocuproine solution. The mixture was incubated at room
temperature in the darkness for 1 h. The absorbance was read at 450 nm using a Perkin-Elmer UV-Vis
spectrophotometer Lambda 365. TROLOX was used as standard, and the results were expressed as mg TE/g
Standard deviations.

I1l.  Results and discussion
a. Optimization of the extraction
According to the described experimental conditions, Figure 1 summarizes the variations of TPC and the
scavenging activities of the free radical DPPH« following the temperature (a), the duration (b) and the ratio (c).
Figure 1 shows that these three parameters have an influence on the yield of the polyphenol extraction and the
free radical scavenging activities DPPHe« on the aqueous extracts of non-defatted seeds of Datura stramonium.
Between 50 and 80°C, the polyphenol extraction yield increases to reach a maximum at 80°C with a TPC of
7.93+0.28 mg GAE/g. The DPPH- scavenging activity increases as the TPC and reaches a maximum at 8.07+0.15
mg TE/g. After 80°C, the TPC extraction yield as well as the scavenging activity decrease to attain, respectively,
6.10+£0.28 mg GAE/g and 7.64+025 mg TE/g at 95°C (Figure 1a). In the following steps the temperature is
maintained constant at 80°C. When the time of extraction is varied, the TPC extraction yield and the DPPH«
scavenging activity increase until reaching a maximum at 40 minutes with 5.00+0.07 mg GAE/g and 6.05+0.07
mg TE/qg, respectively. After 40 minutes, the TPC extraction yield decreases to attain  a value of 4.14+0.16 mg
GAE/qg, and the scavenging activity increases to reach a values of 6.23+£0.13 mg TE/g. The compounds extracted
after 40 minutes at 80°C have no influence on the scavenging activity (Figure 1b).
The temperature is maintained at 80°C and the time of contact is fixed at 40 minutes. The ratio vegetal
material/volume of water is varied from 1 to 10. Figure 1c shows that the TPC extraction yield is more efficient
with a ratio of 1% with a TPC of 3.73+£0.08 mg GAE/g and a DPPH« scavenging activities of 6.20+0.27 mg TE/qg.
In fact, when the vegetal material/volume of water increases the TPC extraction yield and the scavenging activity
decrease drastically to attain the values of 1.90+£0.02 mg GAE/g and 2.25+0.04 mg TE/g, respectively.
The results seem to go according with the observations of Gertenbach et al. [24] and VVuong et al. [25]. According
to these authors, although mass transfer rates increase with increasing temperature, the TPC extraction yield
decreases with increasing temperature due to thermal decomposition and epimerization of polyphenols that occur
at high temperature. Therefore, the scavenging activity decreases as observed in Figure 1. When the duration of
heating is long, decomposition of polyphenol can occur. The TPC extraction yield extraction and the scavenging
activity are time dependent. Regarding the ratio, it has been shown that the higher the dilution, the better the
yield. Indeed, according to Vuong et al. [25] and Gertenbach et al. [26], the kinetic of the extraction is accelerated
because of the greater concentration gradient between the phenolic compounds trapped inside the leaf particles
and those located on the surface.
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Figure 1. Optimization parameters of the aqueous extraction. Temperature (a), Duration (b) and Ratio (c).
For this present study, the following optimal parameters were used: temperature of 80°C, duration of 40 minutes

and ratio of 1%. These parameters are used for the aqueous extraction of polyphenols, flavonoids, and antioxidant
activities by CUPRAC and DPPHe.

b. Comparison of the hot water extraction with room temperature solvent extraction
Table 1. Total polyphenol and flavonoid content of water, methanol, ethanol, acetone and ethyl acetate

Water Methanol Ethanol  Acetone  Ethyl Acetate

Total polyphenol content (mg GAE/g) 5.01+0.14 5.56+0.06 2.91+0.02 5.92+0.03 2.16+0.04

Flavonoid content (mg QE/Q) 0.37£0.01 2.03+0.11 1.39+0.11 2.32+0.03 0.83+0.05

The results for the quantitative determination of the total polyphenol content are reported in Table 1 and
illustrated in Figure 2. The acetone extract is richer than the other extracts with 5.92+0.03 mg GAE/g followed by
the methanol extract (5.56+0.06 mg GAE/g) and water extract (5.01+0.14 mg GAE/g). The ethanol and ethyl
acetate extract are less rich than the other extract with 2.91+0.02 mg GAE/g and 2.16:£0.04 mg GAE/g
respectively. Regarding to the polarity and dielectric constant of solvent, water is more polar (z=1.85 D, &= 80)
than methanol (= 1.70 D, &= 33) and acetone (x= 2.88 D, ¢ = 21). Polyphenols which are polar must be better
extracted by polar solvent, therefore TPC extraction yield must be greater in water. The TPC extraction yield by
water at 80° C is slightly lower than the yields of extraction of TPC carried out at room temperature by methanol
or acetone, despite the stronger polarity of water. This is explained by the partial degradation of polyphenols at
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80°C in water. The TPC extraction yield in methanol and acetone are comparable. The less polar solvent such as
ethyl acetate (1= 1.78 D, ¢ = 6) and ethanol (« = 1.695 D, ¢ = 24) gave the lower TPC extraction yield. These
results shows that Datura stramonium are richer than Datura metel seeds [27].

Flavonoids contents are listed in Table 2 and illustrated in Figure 2. Flavonoids are non-polar compounds
and must be better extracted by less-polar solvent. The TFC extraction yield is lower in water which is the more
polar solvent (0.37+£0.01 mg QE/g). The acetone and methanol extract are the richest with 2.32+0.03 mg QE/g
and 2.03 mg QE/qg respectively. These results are higher than those reported for Datura metel [28], [29].
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Figure 2. Total Polyphenol and flavonoid content of hot water and solvent extraction

The radical DDPH- is suitable for studying the antioxidant capacity of phenolics compounds which are
known for their ability to scavenge free radicals. We conducted a study to measure the effectiveness of extracts
for antiradical activity. The methanolic and acetonic extracts are richer in polyphenols and flavonoids and give
the best activities of 3.55+£0.13 mg TE/g and 3.58+0.02 mg TE/qg, respectively (Table 2). The water extract gives
a low value of 1.95+0.19 mg TE/g. Comparatively to methanol and extract, the decreases of the scavenging
activity in water is due to the partial degradation of polyphenol at 80°C. The ethyl acetate extract have the worst
antioxidant capacity by DPPHe (0.17+0.01 mg TE/g) followed by the ethanol extract (1.03+0.11 mg/g). The IC50s
were scanned for the free radical DPPHe. For whole extracts no IC50 is obtained. The maximum percentage
inhibition as determined for the methanol extract has a value of 28.04% at a concentration of 71.12 pg/mL.

The CUPRAC method is based on the capacity of a sample to reduce Cu?* neocuproine complex in Cu*
neocuproine complex. Therefore in the CUPRAC method polyphenols as well as thiol, lipophilic and hydrophilic
antioxidants species are incorporated to the reaction [30]. As expected, the methanol and the acetone extracts
show high values of 11.34+0.22 mg TE/g and 10.89+0.10 mg TE/g, while water extract show low value of
3.38+0.08 mg TE/g (Table 2).

Table 2. Antioxidant capacity determined by free radical DPPH® and CUPRAC method

Ethyl

Water Methanol  Ethanol Acetone
Acetate

Antioxidant capacity by DPPH" (mg 054019 3.55+0.13
TE/g) T S

Total antioxidant capacity
CUPRAC (mg TE/qg)

1.03£0.11 3.58+0.02 0.17+0.01

by 3.38+0.08 11.34+0.22 1.91+0.08 10.89+0.10 2.11+0.11
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Figure 3. Antioxidant capacity determined by free radical DPPH® and CUPRAC method for hot water

and different solvents extraction.

IV. Conclusion
In this review, we optimized the extraction in aqueous medium of the polyphenols contained in the non-

delipidated seeds of Datura stramonium. The optimum parameters are 80° for the temperature, 40 minutes for the
contact time and 1% for the plant matter/water volume ratio. We compared extraction in agueous medium at 80°
and extraction with organic solvents. This study showed better results for the use of methanol and acetone for the
extraction of polyphenols and flavonoids. These solvents show a greater antiradical capacity with both DPPH and
CUPRAC. Moreover, the combination of scavenging activity measurements with a more specific analysis of
individual antioxidants would provide a better knowledge of the antioxidant status of non-delipidated Datura
stramonium seeds.

[1].

12].
[3].
[4].
[5].

[6].
[71.

8.
[9].

[10].

[11].

[12].

[13].

[14].

References
S. Pandey, C. Walpole, P. J. Cabot, P. N. Shaw, J. Batra, et A. K. Hewavitharana, « Selective anti-proliferative activities of Carica
papaya leaf juice extracts against prostate cancer », Biomed. Pharmacother., vol. 89, p. 515- 523, mai 2017, doi:
10.1016/j.biopha.2017.02.050.
B. Shashni et Y. Nagasaki, « Nitroxide radical-containing nanoparticles attenuate tumorigenic potential of triple negative breast
cancer », Biomaterials, vol. 178, p. 48- 62, sept. 2018, doi: 10.1016/j.biomaterials.2018.05.042.
S. Uddin et S. Ahmad, « Dietary antioxidants protection against oxidative stress », Biochem. Educ., vol. 23,n° 1, p. 2- 7, janv. 1995,
doi: 10.1016/0307-4412(94)00097-9.
A. Taleb et al., « Antioxidant effects and mechanism of silymarin in oxidative stress induced cardiovascular diseases », Biomed.
Pharmacother., vol. 102, p. 689- 698, juin 2018, doi: 10.1016/j.biopha.2018.03.140.
P. B. Sy, A. A. Gaye, et A. Fall, « Assay of Total Polyphenols, Flavonoids, and Proanthocyanidins and Determination of the
Antioxidant Activity of Different Extracts of Merremia tridentata Leaves », Sci. J. Chem., vol. 10, n° 4, Art. n° 4, ao(t 2022, doi:
10.11648l/j.5jc.20221004.14.
S. Losada-Barreiro et C. Bravo-Diaz, « Free radicals and polyphenols: The redox chemistry of neurodegenerative diseases », Eur. J.
Med. Chem., vol. 133, p. 379- 402, juin 2017, doi: 10.1016/j.ejmech.2017.03.061.
M. Valdez-Morales, L. C. Carlos, M. E. Valverde, E. Ramirez-Chavez, et O. Paredes-L6pez, « Phenolic Compounds, Antioxidant
Activity and Lipid Profile of Huitlacoche Mushroom (Ustilago maydis) Produced in Several Maize Genotypes at Different Stages of
Development », Plant Foods Hum. Nutr., vol. 71, n® 4, p. 436- 443, déc. 2016, doi: 10.1007/s11130-016-0572-3.
D. Chavarria et al., « Exploring cinnamic acid scaffold: development of promising neuroprotective lipophilic antioxidants »,
MedChemComm, vol. 6, n° 6, p. 1043- 1053, 2015, doi: 10.1039/C5MDO00018A.
L. A. Corcuera et al., « A polyphenol-enriched cocoa extract reduces free radicals produced by mycotoxins », Food Chem. Toxicol.,
vol. 50, n° 3, p. 989- 995, mars 2012, doi: 10.1016/j.fct.2011.11.052.
F. Chen, C.-J. Liu, T. J. Tschaplinski, et N. Zhao, « Genomics of Secondary Metabolism in Populus: Interactions with Biotic and
Abiotic Environments », Crit. Rev. Plant Sci., vol. 28, n° 5, p. 375- 392, oct. 2009, doi: 10.1080/07352680903241279.
M. A. Carluccio, N. Calabriso, E. Scoditti, M. Massaro, et R. De Caterina, « Chapter 27 - Mediterranean Diet Polyphenols », in The
Mediterranean Diet, V. R. Preedy et R. R. Watson, Ed., San Diego: Academic Press, 2015, p. 291- 300. doi: 10.1016/B978-0-12-
407849-9.00027-0.
K. Yonekura-Sakakibara et K. Saito, « Functional genomics for plant natural product biosynthesis », Nat. Prod. Rep., vol. 26, n° 11,
p. 1466- 1487, 2009, doi: 10.1039/B817077K.
L. Siracusa et G. Ruberto, « Chapter 2 - Plant Polyphenol Profiles as a Tool for Traceability and Valuable Support to Biodiversity »,
in Polyphenols in Plants, R. R. Watson, Ed., San Diego: Academic Press, 2014, p. 15- 33. doi: 10.1016/B978-0-12-397934-6.00002-
4.
A. A. Gaye, O. I. K. Cisse, B. Ndiaye, N. C. Ayessou, M. Cisse, et C. M. Diop, « Evaluation of Phenolic Content and Antioxidant
Activity of Aqueous Extracts of Three Carica papaya Varieties Cultivated in Senegal », Food Nutr. Sci., vol. 10, n® 3, Art. n® 3, mars
2019, doi: 10.4236/fns.2019.103021.

DOI: 10.9790/5736-1604013743 www.iosrjournals.org 42 | Page



Datura stramonium: Polyphenols, flavonoids, and antioxidant activity of non-defatted seeds

[15].

[16].
[17].
[18].
[19].
[20].

[21].

[22].

[23].

[24].

[25].

[26].
[27].

[28].

[29].

[30].

B. Mbow, A. A. Gaye, B. Diop, A. D. Kone, I. Diallo, et M. Gaye, « Optimization of Extraction Parameters, Total Polyphenols and
Flavonoids Contents, and Antioxidant Activity of the Aqueous Extract of Vernonia amygdalina Leaves », Am. J. Appl. Chem., vol.
10, n° 6, Art. n° 6, nov. 2022, doi: 10.11648/j.ajac.20221006.12.

B. P. Gaire et L. Subedi, « A review on the pharmacological and toxicological aspects of Datura stramonium L. », J. Integr. Med.,
vol. 11, n° 2, p. 73- 79, mars 2013, doi: 10.3736/jintegrmed2013016.

P. Soni, A. A. Siddiqui, J. Dwivedi, et V. Soni, « Pharmacological properties of Datura stramonium L. as a potential medicinal tree:
An overview », Asian Pac. J. Trop. Biomed., vol. 2, n° 12, p. 1002- 1008, déc. 2012, doi: 10.1016/S2221-1691(13)60014-3.

M. R. Devi, M. Bawari, S. Paul, et G. Sharma, « Neurotoxic and medicinal properties of Datura stramonium L.—review », Assam
Univ. J. Sci. Technol., vol. 7, n° 1, p. 139- 144, 2011.

H. S. Abdillahi et J. V. Staden, « South African plants and male reproductive healthcare: Conception and contraception », J.
Ethnopharmacol., vol. 143, n° 2, p. 475- 480, 2012, doi: https://doi.org/10.1016/j.jep.2012.06.047.

W. D. Ratnasooriya, S. A. Deraniyagala, S. D. N. K. Bathige, et H. D. |. Hettiarachchi, « Leaf extract of Crinum bulbispermum has
antinociceptive activity in rats », J. Ethnopharmacol., vol. 97, n° 1, p. 123- 128, 2005, doi: https://doi.org/10.1016/j.jep.2004.10.024.
Q. V. Vuong, S. Hirun, P. D. Roach, M. C. Bowyer, P. A. Phillips, et C. J. Scarlett, « Effect of extraction conditions on total phenolic
compounds and antioxidant activities of Carica papaya leaf aqueous extracts », J. Herb. Med., vol. 3, n° 3, p. 104- 111, 2013, doi:
http://dx.doi.org/10.1016/j.hermed.2013.04.004.

A. A. Gaye, A. Fall, et N. C. Ayessou, « Using Boscia senegalensis leaves and fruits as a source of polyphenol, and micronutrients to
improve antioxidant activity », IOSR J. Appl. Chem., vol. 15, n® 6, p. 09- 16, juin 2022, doi: 10.9790/5736-1506010916.

R. Apak, K. Giiglii, M. Ozyiirek, et S. E. Karademir, « Novel Total Antioxidant Capacity Index for Dietary Polyphenols and Vitamins
C and E, Using Their Cupric lon Reducing Capability in the Presence of Neocuproine: CUPRAC Method », J. Agric. Food Chem.,
vol. 52, n° 26, p. 7970- 7981, déc. 2004, doi: 10.1021/jf048741x.

D. D. Gertenbach, Solid-Liquid Extraction Technologies for Manufacturing Nutraceuticals,. in Functional Foods: Bioachemical and
Processing Aspects. Boca Raton: Mazza G, Maguer MLShi J, 2001.

Q. V. Vuong, S. Hirun, P. D. Roach, M. C. Bowyer, P. A. Phillips, et C. J. Scarlett, « Effect of extraction conditions on total phenolic
compounds and antioxidant activities of Carica papaya leaf aqueous extracts », J. Herb. Med., vol. 3, n° 3, p. 104- 111, 2013, doi:
https://doi.org/10.1016/j.hermed.2013.04.004.

D. D. Gertenbach, « Solid-Liquid Extraction Technologies for Manufacturing Nutraceuticals », in Functional Foods: Bioachemical
and Processing Aspects, In: J. Shi, G. Mazza, and M. L. Maguer, Eds., 2002, p. 332- 365.

1. Diallo et al., « Phytochemical screening; determination of total polyphenol and flavonoid contents, and antioxidant activity of
different parts of Datura metel L. », IOSR J. Pharamacy Biol. Sci., vol. 17, n° 3, p. 24- 31, mai 2022, doi: 10.9790/3008-1703012431.
M. Partap, R. C. Gupta, Et S. K. Pradhan, « Comparative Analysis Of Morphology And Phytochemical Constituents In Different
Populations And Morphotypes Of Datura Innoxia Mill. And Datura Metel L. From Punjab Plains », Asian J. Pharm. Clin. Res., vol.
12,n°1, p. 193- 199, 2019.

A. E. Al-snafi, « Phenolics and flavonoids contents of medicinal plants, as natural ingredients for many therapeutic purposes- A
review », IOSR J. Pharm., vol. 10, n° 7, p. 42- 81.

C. P. Rubio, J. Hernandez-Ruiz, S. Martinez-Subiela, A. Tvarijonaviciute, et J. J. Ceron, « Spectrophotometric assays for total
antioxidant capacity (TAC) in dog serum: an update », BMC Vet. Res., vol. 12, n° 1, p. 166, aolt 2016, doi: 10.1186/s12917-016-
0792-7.

| Maty Mossane Diouf, et. al. “ Datura stramonium: Polyphenols, flavonoids, and antioxidant activity of non-
i defatted seeds.” IOSR Journal of Applied Chemistry (IOSR-JAC), 16(4), (2023): pp 37-43.
I

DOI: 10.9790/5736-1604013743 www.iosrjournals.org 43 | Page



