A Comparative Analysis of Flavonoid and Phenolic concentration from Diverse Varieties of
Moringa Oleifera Leaves Utilising Methanol and Ethanol

Abstract

Having its leaves abundant in nutrients such as vitamins and minerals, the moringa plant is highly
regarded because of its nutritious and industrial usefulness. Despite its widespread utilisation, little
is understood concerning the way various Moringa oleifera cultivars vary with regard to their
phenolic and flavonoid concentration, particularly when extracting the compound utilising various
solvents. To attempt to throw insight into the ways that various solvent types and environment
variables affects the phytochemical compounds of Moringa oleifera leaves, this research
investigation compared the efficacy of ethanol and methanol in removing phenolics as well as
flavonoids from the leaves. The information gathered through this research could assist to identify
the most appropriate methods for extraction that will maximize the medical and nutritional
advantages associated with Moringa oleifera. New leaves of five different types of Moringa
oleifera had been bought from the Winfred Thomas Agricultural Research Station in Alabama
A&M University. Upon being pulverised and dried, the resulting leaves had been preserved at
room temperature. The leaves were immersed in a mixture of 70% ethanol as the solvent and 80%
methanol all through the extraction method. The extracted samples had been then stirred, filtered,
and freeze-dried. Following that, High-performance liquid chromatography was the technique
employed to know the overall concentration of phenolic and flavonoid compounds. Descriptive
and statistical analysis were performed using box plots, scatter plots, bar plots, and t-tests to
evaluate the extent or degree to which both solvents removed phenolic and flavonoid compounds
and estimated the total quantity of phenolic and flavonoids in the different cultivars. The findings
from the descriptive study revealed the Nigerian variety had an increased phenolic content when
extracted using methanol—roughly 822.3 pg/ml—than when removed using ethanol (80.6 pg/ml).
The Indian type, on the contrary, had phenolic concentrations of 814.3 pg/ml as compared with
647.3 pug/ml in ethanol, revealing an important distinction in preference for methanol. The
Nigerian cultivar possessed an increased extraction effectiveness of 1253.12 pg/ml using ethanol
as opposed to methanol (1083.52 pg/ml) for flavonoids. The t-test results proved that though the
difference was not statistically significant (t(28) = 0.608, p = 0.382), the average phenolic content
obtained with methanol (M = 798.60, SD = 23.567) was slightly more than that obtained via

ethanol (M = 790.60, SD = 45.183). In a similar vein extraction with methanol showed a smaller



average flavonoid concentration (M = 1068.40, SD = 128.641) compared to the extraction with
ethanol (M =1129.40, SD = 166.018); nonetheless, this difference was not statistically significant
(t(28) = 1.125, p = 0.334). The scatter diagram revealed a significant linear connection with both
phenolic and flavonoid content, having a significant positive correlation (Pearson correlation
coefficient = 0.95). Although some modifications depending on the variety, the research reveals
that methanol and ethanol serve as suitable solvents for phenolic and flavonoid
compound extraction from Moringa oleifera leaves. The usefulness of these developments in
enhancing methods of extraction in manufacturing industries needs to be explored deeper.
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1. Introduction

The great nutritional and financial benefits of the moringa tree are making it increasingly popular
(Patil et al, 2022; Boopathi & Raveendran, 2021). Among vegetables, its leaves are exceptional
since they are a rich source of protein, vitamins, and minerals (Covington, 2021; Ferndndez-Lépez
et al, 2020). Along with being nutritive, the leaves also have therapeutic qualities and can be eaten
fresh, dried, in tea, capsule form, or as an instant soup. Pefialver et al. (2022) and Islam et al. (2021)
report using them as green fertilizers and as a supplement for hens, goats, and cows. Though non-
toxic and bearing anti-carcinogenic attributes, Elhawary et al. (2024) describe moringa the Miracle
Tree given its exceptional nutritional content and broad cultivating. The significant quantity of
total anti-oxidative polyphenols in the leaves may minimize the risk of sickness in humans and
animals (Hassan et al., 2021). Flavonoids and phenolic compounds range in concentration with
respect to the variety and cultivation region (Zhu et al., 2020; Trigo et al., 2020; Ralepele et al.,
2021). A greater amount may be witnessed in places under drought stress. Also, latitude,
precipitation, and cultivation area could all have a major effect on the total flavonoids and phenolic
acids that concentrate in Moringa leaves (Singh et al, 2024; Mihai et al, 2022; Ralepele et al, 2021).
Exploring variability regarding the phenolic and flavonoid content of leaves of Moringa oleifera
among five countries was the ultimate objective of the study. This investigation would shed insight
into the implications of environmental conditions on the phytochemical makeup of moringa leaves.

It was previously found that Moringa leaves possess an abundance of phytochemicals and



beneficial compounds, yet little has been established regarding the way high-performance liquid
chromatography can be made use of in distinguishing between the phenolic and flavonoid content

of different types.

2. Materials and methods

2.1  Moringa oleifera leaves

2.2 Chemicals

Gallic acid, Catechin, Folin & Ciocalteu’s phenol reagent, Methanol, Trolox, ABTS salt,
Aluminium Chloride, Sodium Hydroxide, Sodium Nitrite, Sodium Carbonate, Acetic acid,
Ethanol, Potassium Persulfate, Hydrochloric acid, TPTZ (tripyridyl-S-triazine), DPPH (2,2-
diphenyl-1-picrylhydrazyl), Iron Chloride were purchased.

2.3  Sample extraction

These leaves received treatment in methanol and ethanol in order to remove the extracts. For three
hours at room temperature, the combination was agitated via a magnetic stir bar with a VMR
Standard Multi-Position Stirrer. All of the samples had been filtered with Whatman filtering paper
No. 4, and the resultant filtrate subsequently dried at 50 degrees Celsius via Buchi Rotavapor at
minimal pressure. After soaking the specimens in deionised water, they were left frozen for a
whole night at -80°C. For 48 hours, the samples had been preserved in the freezer drier. For further
investigation, the freeze-dried contents had been well-preserved at room temperature.

2.4  Statistical Analysis

The variation of phenolic and flavonoid content in the extracts was represented and reported in
the current investigation effort through box graphs, scatter diagrams, and bar graphs. In order to
find out if there existed a significant difference between both phenolic and flavonoid compound
methods of extraction making use of 70% ethanol and 80% methanol, the T-test was performed.
3 Results

3.1  Patterns and trends in phenolic content concentrations

Figure 1 displays the way all of the phenolic content varies among the leaves of five distinct types
of Moringa oleifera: Ghana, Ghana, Haiti, India, and Tusk. It emerged the Nigerian species of
Moringa leaves had a phenolic content of about 753.3 pug/ml when it was collected via 70% ethanol
as the solvent along with 792.2 pg/ml when removed with 80% methanol. The results indicate a
minor difference in the phenolic content of the two solvents; the methanol solvent brings about a



slightly higher phenolic content than the one produced by ethanol (Feng et al., 2022; Dabeti¢ et al,
2020). Comparing to the ethanol solvent, with a value of about 806.3 pg/ml, the phenolic content
of the methanol in the Ghanaian variant is considerably greater, at almost 822.3 pug/ml. These
values (Molole et al., 2022; Ezez & Tefera, 2021; Phuyal et al., 2020) suggest that the quantity of
phenolics that can be extracted out of each solvent differs significantly. With only little variations
between the solvents, the Haitian variety's phenolic content hovers around 812.3 pg/ml in
methanol and 791.3 pg/ml in ethanol. The phenolic content of methanol is a bit greater (Ezez &
Tefera, 2021). However, according to Morales-Olan et al. (2020), methanol has a significantly
greater phenolic content than ethanol, with 814.3 pg/ml in methanol and 647.3 pg/ml in ethanol.
This means the phenolic content of the Indian variety varies drastically depending on the solvent.
The phenolic content of the tusk strain is nearly 763-0.0 pg/ml in methanol and 796.3 pg/ml in
ethanol. According to the average found in other varieties, the phenolic content of ethanol in this
case is notably greater when compared to that of methanol (Shopska et al, 2021; Hong et al, 2020).
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Fig 1: Bar chart showing phenolic distribution with the two solvents

The methanol against ethanol extraction efficiency for each variety of Moringa oleifera leaves is
presented in fig. 2 as a bar plot. The proportion of the quantity of phenolic content obtained by
methanol to that extracted by ethanol is employed to calculate the extraction efficiency. The
Nigerian cultivar of moringa leaves has a little greater rate of extraction with methanol as
compared with ethanol, yielding a ratio that is slightly greater than 1, as reported by Hikmawanti
etal. (2021) and Tzanova et al. (2020). On the contrary, the Ghanaian strain revealed near the same

effectiveness for both solvents, with methanol revealing a minimal benefit (Boateng & Clark,



2024; Owusu, 2022), judging by a ratio with a value nearly exactly 1. The Haitian species similarly
showed a little higher efficacy with methanol, reflected by a ratio that was slightly more than 1
(Segovia-Hernandez et al., 2022; Tambawala et al., 2022). A ratio considerably greater than one
points out that the Indian strain has an advantage in maintaining a far superior methanol extraction
efficiency (Borah et al., 2022; Sudha & Aranganathan, 2023). The Tusk cultivar possessed a ratio
just below 1, revealing that ethanol is a far better extractant of phenolic compound than methanol
in this particular case (Mini et al., 2023; Acharjee, 2021).
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Fig 2: Bar chart showing the extraction efficiency between Methanol and Ethanol

Figure 3 indicates the total phenolic amount of Moringa Oleifera leaves taken with two distinct
solvents: 80% methanol and 70% ethanol, depicted in a box plot. The amounts of each compound
are shown in figure 3 in two separate colours: green for 80% methanol and red for 70% ethanol.
Both of the extraction solvents could possibly be immediately distinguished from each other
because of the colour differentiation. Based on 70% ethanol, the horizontal line in the red box
shows the median phenolic concentration, which is nearly 775 mg/g. The interquartile range (IQR)
is displayed by the box, which covers the center 50% of the data and fluctuates from nearly 725
mg/g to 800 mg/g. Considering an outlier with approximately 650 mg/g, a specific variety may
have had a noticeably lower phenolic concentration when extracted with 70% ethanol. The median
for methanol with a concentration of 80% is slightly higher just in excess of 800 mg/g. The IQR,
spanning between about 790 mg/g to 815 mg/g when methanol has been utilised to assess the
phenolic content, has a smaller variability among the various types instead of when ethanol extract
is utilised (Lohvina et al., 2021). A wider spectrum of phenolic contents in the ethanol extracts



compared to the methanol extracts can be seen by the whiskers of the red box (70% ethanol)
stretching farther compared to that of the green box (80% methanol) (Hong et al, 2020).
Accordingly, the quantity of phenolic content removed with 70% ethanol as a solvent could vary
greatly based on the particular variety of Moringa oleifera leaves. The slightly increased median
concentration and lowered variation in the extracts produced with methanol reveal that methanol
at a concentration of 80% could serve as a more accurate and effective solvent rather than 70%
ethanol for removing phenolic compounds from Moringa Oleifera leaves (Alara et al., 2021;
Osorio-Tobdn, 2020; Radzali et al., 2020). The broader variety of the ethanol extract and its
presence of an outlier show that various types of Moringa oleifera may react different ways to the
use of ethanol (Savi¢ et al.2024; Maina et al.2021; Tovar, 2021).
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Concentration of Moringa Oleifera Leaves in 70% Ethanol and 80% Methanol
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3.2 Patterns and trends in flavonoid content

A Dbar graph using 80% methanol and 70% ethanol solvents is shown in Figure 4 to examine the
total flavonoid content of leaves from five different varieties of Moringa oleifera (Nigeria, Ghana,
Haiti, India, and Tusk). A straightforward comparison is provided by the bars, each of revealing
the flavonoid concentration for specific type and solvent. The flavonoid content with methanol in
the Nigerian variety is roughly 1083.52 pg/ml, while the flavonoid content of ethanol amounts to
about 1253.12 pg/ml. This implies that ethanol is more effective in removing flavonoids from this
variety than methanol (Chaves et al, 2020; Chavez-Gonzalez et al, 2020). As reported by Xu et al.
(2020), the two solvents remove approximately the same quantity of flavonoids from the Ghana
cultivar, with ethanol extracting slightly greater quantities. In the study by Megakallu et al. (2020),
the Haitian variation has comparable outcomes, with methanol doing slightly better. Ethanol is
evidently more effective in removing flavonoids from the Indian type (Sonar & Rathod, 2020).
The Tusk variety reveals similar outcomes likewise, though ethanol extracts flavonoids more
efficiently.



Comparison of Total Flavonoid Content Across Different Varieties
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Fig 4: Bar chart showing the distribution of flavonoid

In order to show the comparative efficacy of methanol and ethanol in the extraction of flavonoids
from several Moringa oleifera leaves types, Figure 5 utilised a bar chart. As noted by Bui et al.
(2021) and Tzanova et al. (2020), the Nigerian variety exhibits a bit smaller extraction efficiency
ratio, signalling that ethanol is slightly more efficient than methanol for flavonoid extraction in
this one particular variety. The Ghanaian type possesses a ratio with a value roughly equal to 1,
meaning that ethanol has only a slight edge above the other solvent in terms of performance. The
ratio for the Haiti cultivar is equally lower than one, reflecting that ethanol extracts flavonoids
with greater efficiency than methanol. The ratio is substantially below one in the instance of the
Indian variety, implying that ethanol is significantly much better than methanol at collecting
flavonoids from this specific type (Tzanova et al., 2020). The Tusk cultivar shows a ratio that is
substantially higher than 1, pointing that methanol is a slightly more successful flavonoid
extraction method than ethanol in this case.



Flavonoid Extraction Efficiency (Methanol vs. Ethanol) Across Different Varieties
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Fig 5: Bar plot showing flavonoid extraction efficiency

The total flavonoid contents of Moringa Oleifera leaves removed using both distinct solvents—
70% ethanol and 80% methanol—are represented in a box plot in Figure 6. Plot analysis revealed
the range of flavonoid concentrations released with 70% ethanol are around 850 and 1363 pg/ml,
with a median score of nearly 1129 pg/ml. On the opposite hand, quantities achieved with 80%
methanol have a median of around 1068 pg/ml and fluctuate between roughly 870 pg/ml to 1322
pg/ml. In juxtaposition with extracts made with 80% methanol, ones made with 70% ethanol had
more median flavonoid concentration (Gulo et al., 2021). The findings reveal that a concentration
of 70% ethanol could prove slightly quicker in extracting flavonoids from Moringa oleifera leaves
under the current situation. 70% ethanol proved to be the superior solvent for collecting more
flavonoids in Moringa Oleifera leaves compared with 80% methanol. Modifications in the
polarisation of the solvent or the manner in which it reacted with the plant matrix could be an
explanation for this. It is equally essential to take into account that sample heterogeneity occurs
less for 80% methanol extractions as compared to 70% ethanol extractions due to the interquartile
range is smaller. The use of 70 percent ethanol proved to obtain more flavonoids on average,
although methanol with a concentration of 80% seemed to produce greater consistency results.
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3.3  Comparison of Phenolic and Flavonoid Extraction

The bar graph in Figure 7 indicates the way various Moringa oleifera leaf varieties' flavonoid and
phenolic extraction rates differ. A grasp of the efficiency of the method of extraction for each
variety could be acquired simply by looking at the extraction rates for both categories of
compounds. The flavonoid extraction rate of the Nigerian cultivar of Moringa leaves is estimated
to be 1253 pg/ml, and this is considerably greater compared to the phenolic extraction rate that is
roughly 792 pug/ml. It could mean that the Nigerian variety possesses a more quantity of flavonoids
or the solvent extraction had been carried out with greater efficiency (Chibuike et al, 2021).



Compared to the Nigerian variety (Okpoghono et al., 2023; Alara & Abdurahman, 2020), even
though with a minor difference, the Ghanaian type supports flavonoid extraction with a slightly
greater flavonoid extraction rate of 982 pug/ml as compared to its phenolic extraction rate of 806
pg/ml. The Haitian species shows a close extraction concentration of 851 pg/mil for flavonoids and
822 pg/ml for phenolics, suggesting an evenly distributed extraction of compounds. The Indian
variety, on the opposing hand, varies markedly from the Nigerian variety because it displays a
flavonoid extraction rate of near 1293 pg/ml and a phenolic extraction rate of 814 pg/ml, implying
greater efficacy in flavonoid extraction. The Tusk variety showed greater effectiveness in
extracting flavonoids, with a flavonoid extraction rate of around 921 pg/ml, relative to a phenolic
extraction rate of 763 pg/ml (Sobe, 2022).

Comparison of Flavonoid and Phenolic Extraction Rates Across Different Varieties and Solvents
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Fig 7: Bar plot showing extraction rate

Figure 8 presents a bar chart that depicts the overall extraction efficiency of phenolics and
flavonoids in multiple types of Moringa oleifera leaves by applying methanol and ethanol solvents.
We computed the combined extraction efficiency for each type by adding the extraction rates of
both compounds then contrasting the results in order to obtain a greater grasp of the overall
extraction efficiency. The Nigerian variety proves that ethanol is far more effective in extracting
both compounds from it over methanol, with a total extraction efficiency that is approximately
2045 pg/ml with ethanol compared to approximately 1875 pg/ml with methanol (Osorio-Tobén,
2020). It shows that both solvents are quite effective for this variety given that the Ghanaian variety

shows a slightly greater overall extraction efficiency with ethanol at around 1788 pg/ml, as



opposed to around 1727 pg/ml using methanol. With nearly 1672 pg/ml for both methanol and
ethanol, the Haitian cultivar shows equal extraction efficiency, confirming that the two solvents
perform equally effectively for this type. Having an extraction efficiency of close to 1940 pg/ml
in ethanol as well as 1689 pg/ml in methanol, the Indian strain possesses the greatest overall
extraction efficiency, confirming that ethanol is the preferred solvent for this variety. Furthermore,
the Tusk type showed more extraction efficiency with ethanol, at around 1718 pg/ml, compared
to methanol, at almost 1566 pg/ml. This indicate that ethanol works more effectively in general
for this variety during extraction.

Overall Extraction Efficiency Across Different Varieties and Solvents
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Fig 8: Bar plot showing overall extraction efficiency

More comprehensive details concerning the variation of extraction efficiency across various
cultivar and solvents can be obtained through the box plot displayed in figure 9. The variation of
rate of extraction for total flavonoids and phenolics can be seen on the box of each variety. In
juxtaposition to methanol, the ethanol box graph associated with the Nigerian variety reveals a
little greater variability but a greater median with flavonoid extraction. Phenolic extraction, on the
contrary, remains more suitable with methanol. For the Ghanaian cultivar, the two solvents reveal
similar performance, although marginally higher median values for ethanol, especially with
regards to flavonoids. As juxtaposed with ethanol, methanol in the Haiti variant exhibits a slightly
superior and more consistent extraction efficiency for both compounds. For India, methanol tends
to be unchanged and effective in removing phenolics, but ethanol displays greater yet more varied
flavonoid extraction efficiency. However, the Tusk variety demonstrates that ethanol usually

performs more effectively than methanol for both compounds. This is less apparent in comparison



to other types, though. For the most part, specifically in the Nigerian and Indian species, ethanol
at a concentration of 70% removes flavonoids with greater efficiency than 80% methanol. This
means that some types' flavonoid compounds could either be more easily soluble or simpler to
extract using ethanol. In overall, methanol with a concentration of 80% works more effectively or
at par with 70 per cent ethanol as far as is used for removing phenolic compounds; this can be
particularly the case for both the Ghanaian and Indian varieties, hinting that methanol could be

more effective at solubilizing or dissolving phenolic compounds.

Side-by-Side Box Plot: Comparison of Extraction Efficiency for Each Sclvent Across Different Varieties
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Fig 9: Box plot showing overall extraction efficiency

The link between the total phenolic content and the total flavonoid content of the leaves of Moringa
oleifera is presented in Figure 10 as a scatter plot featuring a trend line. With the x-axis of the chart
indicating phenolic content and the y-axis being the one representing flavonoid content, every spot
on the graph represents an individual type of Moringa leaves. The overall trajectory of the relation
between these two compounds has been shown by the red trend line. The sloping upward trend
line in the scatter graph reveals a positive correlation between the phenolic and flavonoid contents
of Moringa leaves, suggesting that a spike in phenolic content usually comes followed by an
increase in flavonoid content. Additionally, there is a notable positive correlation, or a significant
linear connection, between both phenolic and flavonoid contents, as shown by the calculated
Pearson correlation coefficient of 0.95 for this relationship. The variability in the quantity of
phenolic compounds constitutes approximately 95% of the variations in flavonoid content. There
exist a few outliers that reflect that other variables could also independently affect flavonoid

concentration without regard to phenolic content, even though most of the data points align closely



with the linear trend, confirming consistent connections between types. The result matches up with
study carried out by Bennour et al. (2021), Lin et al. (2021), and Xu et al. (2021).

Scatter Plot with Trend Line: Relationship Between Phenolic and Flavonoid Content
(Correlation Coefficient: -0.95)
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Fig 10: Scatter plot showing the relationship between phenolic content and flavonoid content
3.3 Test of difference of Phenolic and Flavonoid
The results presented in Table 1 reveal that the average phenolic content which was extracted using
80% methanol (798.60 pg/ml) is slightly more than the quantity which was removed with 70
percent ethanol (790.60 g/ml). And based on Table 1's t-test outcome (p-value = 0.382), the
difference is not statistically significant. It therefore follows that the phenolic compounds in the
moringa leaves are capable of being extracted through both solvents with similar effectiveness.

Table 1: Comparison of phenolic content using 80% methanol and 70% ethanol

Group M SD T Df P
Methane (80%)  798.60 23.567 0.608 28 0.382
Ethanol (70%)  790.60 45.183

M = Mean; SD = Standard deviation

The results shown in Table 2, the average quantity of flavonoid of the 80% methanol extraction

(1068.40 pug/ml) is a bit lower than the comparable quantity of the 70% ethanol extraction (1129.40



pa/ml). Still, Table 2's t-test outcome (p-value = 0.334) reveal that there fails to be a statistically
significant difference between the two. These outcomes reflect that both of the solvents have
similar effectiveness with regard to phenolic component extraction from moringa leaves.
Table 2: Comparison of flavonoid content using 80% methanol and 70% ethanol

Group M SD T df p

Methane (80%)  1068.40 128.641 1.125 28 0.334

Ethanol (70%) 1129.40 166.018
M = Mean; SD = Standard deviation

4 Summary

The box plot reveals the variability in the concentration of phenol between each of the solvents
used for extraction and Moringa oleifera leaves cultivars. Unlike that of the Tusk variety, methanol
with a concentration of 80% typically removes an increased concentration of phenolic compounds
than ethanol with a concentration of 70%. Despite a substantial phenolic quantity in the two
solvents, the Ghanaian cultivar stands separate from the other ones as could possess much more
antioxidant benefits. Especially with regard to Indian cultivar, the plot shows that methanol usually
boasts more effective rate of extraction compared to ethanol. The Tusk variety seems to be an
oddity, as ethanol works more efficiently than methanol. The figure reveals that with the vast
majority of cultivars, ethanol usually removes an increased or similar flavonoid quantity compared
to methanol. As the most noticeable difference benefiting ethanol, the Indian species stood out,
indicating that the it possesses particular compounds that render it more readily soluble in ethanol.
Ethanol could serve as the more desirable solvent for flavonoid extraction for both the Nigerian
and Tusk species, as proven by the increased flavonoid quantity in ethanol. The bar graph depicts
that, in overall, ethanol has an effective extraction rate for flavonoids deemed either superior to or
similar as that of methanol; the Indian variety displays the most significant distinction in favouring
ethanol. Methanol is a little greater in effectiveness for the Tusk cultivar, that is an aberration
corresponding to the trend observed in the quantity of phenolic compounds. With respect to the
specific purposes of the method of extraction, this assessment could help with identifying the most
suitable solvent to remove flavonoids from different Moringa types. Furthermore, utilising both
extraction approaches, the test of significance findings proved that there is no statistically
significant difference between the phenolic and flavonoid concentrations.

DISCLAIMER (ARTIFICIAL INTELLIGENCE)



Author(s) hereby declare that generative Al technologies such as Large Language Models, etc have been
used during writing or editing of manuscripts. This explanation will include the name, version, model, and
source of the generative Al technology and as well as all input prompts provided to the generative Al
technology

Details of the Al usage are given below:

1. The version of ChatGPT-4 is release by open Al.
2. Used for some part of the Introduction and Methodology
3. Used for the comparison of results with previous studies

References

Abdelkarim Abdelrahman & Mohammed, F. (2015). Antioxidants composition of moringa
(moringa oleifera lam) in different plant organs.. [PDF]

Acharjee, K. (2021). Efficacy of transition metal complexes of some polydentate ligand systems
as potential plant nutrient supplements: morphological and biochemical study. nbu.ac.in

Alara, O. R. & Abdurahman..., N. H. (2020). Extract-rich in flavonoids from Hibiscus sabdariffa
calyces: Optimizing microwave-assisted extraction method and characterization through
LC-Q-TOF-MS analysis. Journal of Food .... [HTML]

Alara, O. R., Abdurahman, N. H., & Ukaegbu, C. I. (2021). Extraction of phenolic compounds: A
review. Current research in food science. sciencedirect.com

Bennour, N., Mighri, H., Bouhamda, T., Mabrouk, M., Apohan, E., Yesilada, O., ... & Akrout, A.

(2021). Moringa oleifera leaves: could solvent and extraction method affect phenolic

composition and bioactivities?. Preparative Biochemistry & Biotechnology, 51(10), 1018-
1025. [HTML]

Boateng, I. D. & Clark, K. (2024). Trends in extracting Agro-byproducts' phenolics using non-
thermal technologies and their combinative effect: Mechanisms, potentials, drawbacks, and
safety .... Food Chemistry. [HTML]

Borah, A., Selvaraj, S., Holla, S. R., & De, S. (2022). Extraction and characterization of total
phenolic and flavonoid contents from bark of Swietenia macrophylla and their
antimicrobial and antioxidant properties. Arabian Journal of Chemistry. sciencedirect.com

Bui, N. T., Pham, T. L. T., Nguyen, K. T., Le, P. H., & Kim, K. H. (2021). Effect of extraction
solvent on total phenol, flavonoid content, and antioxidant activity of Avicennia officinalis.
Res. Appl. Chem, 12, 2678-2690. biointerfaceresearch.com



https://core.ac.uk/download/196549132.pdf
https://ir.nbu.ac.in/bitstream/123456789/4669/20/Full%20thesis%20of%20Kaushik%20Acharjee.pdf
https://onlinelibrary.wiley.com/doi/abs/10.1111/jfpe.13339
https://www.sciencedirect.com/science/article/pii/S2665927121000241
https://www.tandfonline.com/doi/abs/10.1080/10826068.2021.1891550
https://www.sciencedirect.com/science/article/pii/S0308814623024597
https://www.sciencedirect.com/science/article/pii/S1878535222006864
https://biointerfaceresearch.com/wp-content/uploads/2021/06/20695837122.26782690.pdf

Chaves, J. O., De Souza, M. C., Da Silva, L. C., Lachos-Perez, D., Torres-Mayanga, P. C.,
Machado, A. P. D. F., ... & Rostagno, M. A. (2020). Extraction of flavonoids from natural
sources using modern techniques. Frontiers in chemistry, 8, 507887. frontiersin.org

Chévez-Gonzalez, M. L., Sepllveda, L., Verma, D. K., Luna-Garcia, H. A., Rodriguez-Durén, L.
V., llina, A., & Aguilar, C. N. (2020). Conventional and emerging extraction processes of
flavonoids. Processes, 8(4), 434. mdpi.com

Chhikara, N., Kaur, A., Mann, S., Garg, M. K., Sofi, S. A., & Panghal, A. (2021). Bioactive
compounds, associated health benefits and safety considerations of Moringa oleifera L.:
An updated review. Nutrition & Food Science, 51(2), 255-277. academia.edu

Chibuike, E. C., Okafor, W. C., lwu, C. I., Ogbonna, C. V., & lwuji, S. C. (2021). Comparative
Effects of Solvents on the Herbal Extraction of Antidiabetic Phytochemicals. Journal of
Pharmaceutical Research International, 33(28B), 149-159. publish4promo.com

Dabeti¢, N., Todorovi¢, V., Pani¢, M., Radoj¢i¢ Redovnikovi¢, L., & gobajié, S. (2020). Impact of

deep eutectic solvents on extraction of polyphenols from grape seeds and skin. Applied
sciences, 10(14), 4830. mdpi.com

Ezez, D. & Tefera, M. (2021). Effects of solvents on total phenolic content and antioxidant activity
of ginger extracts. Journal of Chemistry. wiley.com

Feng, Y., Lin,J., He, G., Liang, L., Liu, Q., Yan, J., & Yao, Q. (2022). Compositions and biological
activities of pomegranate peel polyphenols extracted by different solvents. Molecules.
mdpi.com

Gulo, K. N., Saragih, A. D., Raif, M. A., & Ikhtiari, R. (2021, April). Antioxidant Activity of
flavonoid compounds in ethanol and ethyl acetate extract from Citrus sinensis. In 2021
International Conference on Artificial Intelligence and Mechatronics Systems (AIMS) (pp.
1-6). IEEE. researchgate.net

Hassan, M. A., Xu, T., Tian, Y., Zhong, Y., Ali, F. A. Z,, Yang, X., & Lu, B. (2021). Health
benefits and phenolic compounds of Moringa oleifera leaves: A comprehensive review.
Phytomedicine, 93, 153771. [HTML]

Hikmawanti, N. P. E., Fatmawati, S., & Asri, A. W. (2021, April). The effect of ethanol

concentrations as the extraction solvent on antioxidant activity of Katuk (Sauropus

androgynus (L.) Merr.) leaves extracts. In IOP conference series: Earth and environmental
science (Vol. 755, No. 1, p. 012060). IOP Publishing. iop.org


https://www.frontiersin.org/articles/10.3389/fchem.2020.507887/pdf
https://www.mdpi.com/2227-9717/8/4/434/pdf
https://www.academia.edu/download/93120042/nfs-03-2020-008720221027-1-o9zkei.pdf
http://article.publish4promo.com/id/eprint/304/1/2381-Article%20Text-4040-1-10-20221006.pdf
https://www.mdpi.com/2076-3417/10/14/4830/pdf
https://onlinelibrary.wiley.com/doi/pdf/10.1155/2021/6635199
https://www.mdpi.com/1420-3049/27/15/4796/pdf
https://www.researchgate.net/profile/Suhartomi-Suhartomi/publication/352869955_Antioxidant_Activity_of_Flavonoid_Compounds_in_Ethanol_and_Ethyl_Acetate_Extract_from_Citrus_Sinensis/links/62e36b399d410c5ff36ba10e/Antioxidant-Activity-of-Flavonoid-Compounds-in-Ethanol-and-Ethyl-Acetate-Extract-from-Citrus-Sinensis.pdf
https://www.sciencedirect.com/science/article/pii/S0944711321003147
https://iopscience.iop.org/article/10.1088/1755-1315/755/1/012060/pdf

Hong, S., Pangloli, P., Perumal, R., Cox, S., Noronha, L. E., Dia, V. P., & Smolensky, D. (2020).
A comparative study on phenolic content, antioxidant activity and anti-inflammatory
capacity of aqueous and ethanolic extracts of sorghum in lipopolysaccharide-induced
RAW 264.7 macrophages. Antioxidants, 9(12), 1297. mdpi.com

Islam, Z., Islam, S. R., Hossen, F., Mahtab-ul-Islam, K., Hasan, M. R., & Karim, R. (2021).
Moringa oleifera is a prominent source of nutrients with potential health benefits.
International Journal of Food Science, 2021(1), 6627265. wiley.com

Lin, X., Wu, L., Wang, X., Yao, L., & Wang, L. (2021). Ultrasonic-assisted extraction for
flavonoid compounds content and antioxidant activities of India Moringa oleifera L.
leaves: Simultaneous optimization, HPLC characterization and comparison with other
methods. Journal of Applied Research on Medicinal and Aromatic Plants, 20, 100284.
HTML

Lohvina, H., Sandor, M., & Wink, M. (2021). ... on Total Phenolic Content and Antioxidant
Properties of Seed Extracts of Fenugreek (Trigonella foenum-graecum L.) Varieties and
Determination of Phenolic .... Diversity. mdpi.com

Maina, S., Ryu, D. H., Cho, J. Y., Jung, D. S., Park, J. E., Nho, C. W, ... & Kim, H. Y. (2021).
Exposure to salinity and light spectra regulates glucosinolates, phenolics, and antioxidant
capacity of Brassica carinata L. microgreens. Antioxidants, 10(8), 1183. mdpi.com

Miganakallu, N., Yang, Z., Rog6z, R., Kapusta, L. J., Christensen, C., Barros, S., & Naber, J.
(2020). Effect of water-methanol blends on engine performance at borderline knock
conditions in gasoline direct injection engines. Applied Energy, 264, 114750.
academia.edu

Mihai, R. A., Acurio Criollo, O. S., Quishpe Nasimba, J. P., Melo Heras, E. J., Galvan Acaro, D.
K., Landazuri Abarca, P. A,, ... & Catana, R. D. (2022). Influence of Soil Nutrient Toxicity
and Deficiency from Three Ecuadorian Climatic Regions on the Variation of Biological,
Metabolic, and Nutritional Properties of Moringa oleifera Lam. Toxics, 10(11), 661.
mdpi.com

Mini Raj, N., Vikram, H. C., Muhammed Nissar, V. A., & Nybe, E. V. (2023). Nutmeg. In
Handbook of Spices in India: 75 Years of Research and Development (pp. 2739-2786).
Singapore: Springer Nature Singapore. [HTML]


https://www.mdpi.com/2076-3921/9/12/1297/pdf
https://onlinelibrary.wiley.com/doi/pdf/10.1155/2021/6627265
https://www.sciencedirect.com/science/article/pii/S2214786120300450
https://www.mdpi.com/1424-2818/14/1/7/pdf
https://www.mdpi.com/2076-3921/10/8/1183/pdf
https://www.academia.edu/download/90450321/j.apenergy.2020.11475020220830-1-1y6k4wg.pdf
https://www.mdpi.com/2305-6304/10/11/661/pdf
https://link.springer.com/content/pdf/10.1007/978-981-19-3728-6_39.pdf

Molole, G. J., Gure, A., & Abdissa, N. (2022). Determination of total phenolic content and
antioxidant activity of Commiphora mollis (Oliv.) Engl. resin. BMC chemistry.
springer.com

Morales-Olan, G., Rojas-L6pez, M., Diaz-Reyes, J., Rosas-Cérdenas, F. D. F., & Luna-Suarez, S.
(2020). Effect of ethanol and methanol on the total phenolic content and antioxidant
capacity of chia seeds (Salvia hispanica L.). Sains Malaysiana, 49(6), 1283-1292. ukm.my

Okpoghono, J., Osioma, E., Metie, S. O., Igue, U. B, Isoje, E. F., & Okom, S. U. (2023). HPLC-
DAD polyphenol profiling and antioxidant status from South-South region of Nigeria.
Ovidius University Annals of Chemistry, 34(2), 104-111. sciendo.com

Osorio-Tobdn, J. F. (2020). Recent advances and comparisons of conventional and alternative
extraction techniques of phenolic compounds. Journal of Food Science and Technology.
nih.gov

Owusu, G. A. (2022). Antioxidant and insecticidal potency of essential oil extract from lantana
camara growing in Central Region of Ghana. uew.edu.gh

Pefalver, R., Martinez-Zamora, L., Lorenzo, J. M., Ros, G., & Nieto, G. (2022). Nutritional and
antioxidant properties of Moringa oleifera leaves in functional foods. Foods, 11(8), 1107.
mdpi.com

Phuyal, N., Jha, P. K., Raturi, P. P., & Rajbhandary, S. (2020). Total phenolic, flavonoid contents,
and antioxidant activities of fruit, seed, and bark extracts of Zanthoxylum armatum DC.
The Scientific World Journal, 2020(1), 8780704. wiley.com

Radzali, S. A., Markom, M., & Saleh, N. M. (2020). Co-Solvent Selection for Supercritical Fluid
Extraction (SFE) of Phenolic Compounds from Labisia pumila. Molecules. mdpi.com

Ralepele, F. M., Chimuka, L., Nuapia, Y., & Risenga, I. (2021). UPLC-DAD-QTOF-MS/MS
analysis of targeted poly-phenolic compounds from Moringa oleifera leaves as function of
seasonal responses. South African Journal of Botany, 143, 107-115. sciencedirect.com

Savi¢ Gaji¢, I. M., Savi¢, I. M., Ivanovska, A. M., Vunduk, J. D., Mihalj, L. S., & Svircev, Z. B.

(2024). Improvement of Alginate Extraction from Brown Seaweed (Laminaria digitata L.)
and Valorization of Its Remaining Ethanolic Fraction. Marine Drugs, 22(6), 280. mdpi.com
Segovia-Hernandez, J. G., Hernandez, S., Cossio-Vargas, E., & Sanchez-Ramirez, E. (2022).

Tackling sustainability challenges in Latin America and Caribbean from the chemical


https://link.springer.com/content/pdf/10.1186/s13065-022-00841-x.pdf
http://journalarticle.ukm.my/15462/1/6.pdf
https://sciendo.com/pdf/10.2478/auoc-2023-0014
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7550548/
http://ir.uew.edu.gh:8080/bitstream/handle/123456789/2997/Antioxidant%20and%20insecticidal%20potency%20of%20essential%20oil%20extract%20from%20lantana%20camara%20growing%20in%20Central%20Region%20of%20Ghana.pdf?sequence=1&isAllowed=y
https://www.mdpi.com/2304-8158/11/8/1107/pdf
https://onlinelibrary.wiley.com/doi/pdf/10.1155/2020/8780704
https://www.mdpi.com/1420-3049/25/24/5859/pdf
https://www.sciencedirect.com/science/article/pii/S025462992100291X
https://www.mdpi.com/1660-3397/22/6/280/pdf

engineering perspective: A literature review in the last 25 years. Chemical Engineering
Research and Design, 188, 483-527. [HTML]

Shopska, V., Denkova-Kostova, R., Dzhivoderova-Zarcheva, M., Teneva, D., Denev, P., &
Kostov, G. (2021). Comparative study on phenolic content and antioxidant activity of
different malt types. Antioxidants, 10(7), 1124. mdpi.com

Singh, M., Dhakad, A. K., Jhanji, S., Oberoi, H. K., Singh, D., Thakur, S., & Walia, G. S. (2024).
Physiological and biochemical responses of Moringa oleifera seed sources in subtropical
climate. Vegetos, 1-15. [HTML]

Sobe, R. C. (2022). The little engine that could: Characterization of noncanonical components in
the speed-variable flagellar motor of the symbiotic soil bacterium Sinorhizobium meliloti.
vt.edu

Sonar, M. P. & Rathod, V. K. (2020). ... extraction (MAE) used as a tool for rapid extraction of
Marmelosin from Aegle marmelos and evaluations of total phenolic and flavonoids
content, antioxidant and anti .... Chemical Data Collections. [HTML]

Sudha, S. S. & Aranganathan, V. (2023). Efficacious Extraction and Purification Technique of a
Potential Antimycobacterial Bacteriocin Produced by Bacillus subtilis (MK733983) of
Ethnomedicinal Origin. Indian Journal of Microbiology. [HTML]

Tambawala, H., Batra, S., Shirapure, Y., & More, A. P. (2022). Curcumin-A bio-based precursor
for smart and active food packaging systems: A review. Journal of Polymers and the
Environment, 30(6), 2177-2208. [HTML]

Tovar, P. R. R. (2021). Optimal Hpl Extraction and Adsorption Isotherms on Agarose of
Polyphenols of Maqui (Aristotelia Chilensis Stuntz) Leaves. [HTML]

Trigo, C., Castello, M. L., Ortola, M. D., Garcia-Mares, F. J., & Desamparados Soriano, M. (2020).
Moringa oleifera: An unknown crop in developed countries with great potential for
industry and adapted to climate change. Foods, 10(1), 31. mdpi.com

Tzanova, M., Atanasov, V., Yaneva, Z., lvanova, D., & Dinev, T. (2020). Selectivity of current
extraction techniques for flavonoids from plant materials. Processes. mdpi.com

Xu, H., Rebollar, D., He, H., Chong, L., Liu, Y., Liu, C., ... & Xu, T. (2020). Highly selective
electrocatalytic CO2 reduction to ethanol by metallic clusters dynamically formed from

atomically dispersed copper. Nature Energy, 5(8), 623-632. osti.gov


https://www.sciencedirect.com/science/article/pii/S0263876222005767
https://www.mdpi.com/2076-3921/10/7/1124/pdf
https://link.springer.com/article/10.1007/s42535-024-00954-9
https://vtechworks.lib.vt.edu/bitstreams/f6d2d366-ed05-4ec0-bd0d-1b1c3a6dad02/download
https://www.sciencedirect.com/science/article/pii/S2405830020302500
https://link.springer.com/article/10.1007/s12088-023-01128-y
https://link.springer.com/article/10.1007/s10924-022-02372-x
https://search.proquest.com/openview/6fd658f032cdb382a1e2237d7e487a77/1?pq-origsite=gscholar&cbl=2026366&diss=y
https://www.mdpi.com/2304-8158/10/1/31/pdf
https://www.mdpi.com/2227-9717/8/10/1222/pdf
https://www.osti.gov/servlets/purl/1671779

Xu, Y., Chen, G., & Guo, M. (2021). Correlations between phytochemical fingerprints of Moringa
oleifera leaf extracts and their antioxidant activities revealed by chemometric analysis.
Phytochemical analysis. [HTML]

Zhu, Y., Yin, Q., & Yang, Y. (2020). Comprehensive Investigation of Moringa oleifera from
Different Regions by Simultaneous Determination of 11 Polyphenols Using UPLC-ESI-
MS/MS. ncbi.nlm.nih.gov



https://analyticalsciencejournals.onlinelibrary.wiley.com/doi/abs/10.1002/pca.3016
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7037984/

