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Abstract

Herbal teas have been used as medicinal aids for centuries, having been suggested to act as natural antioxidants, possibly preventing
disease. Moringa oleifera, commonly known as moringa, is used around the world for its medicinal properties. Moringa, especially
the leaves, is a rich source of marco- and micronutritents and is suggested to possess many health benefits. The objectives of this
study were to determine the effects of processing on antioxidant content, capacity, and inhibition of metabolizing enzyme activities
in moringa leaf extracted with 80% ethanol, 80% methanol, and water (60°C and 25°C). Total phenolic content (TPC), total flavo-
noid content (TFC), free radical scavenging activity by 1,1-diphenyl-2-picryhydrazyl (DPPH), trolox equivalent antioxidant capacity
(TEAC), ferric reducing antioxidant power (FRAP), oxygen radical absorbance capacity (ORAC) and inhibition of lipid and carbohy-

drate metabolizing enzyme activities (lipase, o- glucosidase and a-amylase) were determined in moringa leaf extract.

The highest TPC was observed in aqueous extract at 60°C of moringa leaf (427.7 mg GAE/g) and the lowest seen in methanolic extract
of moringa leaf (35.41 mg GAE/g). For TFC, the aqueous extraction yielded higher content compared to the ethanolic extract (84.5
mg CAE/g; 50.6 mg CAE/g). After 90 minutes, ethanolic extract of moringa leaves showed a higher DPPH % inhibition compared to
the aqueous extract (78.10%; 59.79%). Ethanolic extract of moringa leaf was able to reduce a greater amount of ferric than the aque-
ous extract (206.06%; 55.839%). Aqueous extract was able to inhibit a-amylase more effectively than the ethanolic extract (38.83%,
10.10%). Ethanolic extract was able to inhibit a-glucosidase more effectively than the aqueous extract (73.84%, 54.25%). Ethanolic
extract was able to inhibit lipase more effectively than the aqueous extract (64.60%, 41.27%). Results from the current study show
that both aqueous and ethanolic extracts of moringa leaves have antioxidant activity, which could potentially be used for health ben-

efits and to prevent or treat chronic disease resulting from oxidative stress.
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Abbreviations: TPC - Total phenolic content; TFC - Total flavonoid content; DPPH - 1,1-diphenyl-2-picrylhydrazyl; TEAC - Trolox
equivalent antioxidant capacity; FRAP - Ferric reducing antioxidant capacity ORAC - Oxygen radical absorbance capacity; GAE - Gallic
acid equivalents; CAE - Catechin equivalents; MLM - Moringa leaf extracted with 80% methanol; MLE - Moringa leaf extracted with 80%
ethanol; MLR - Moringa leaf extracted with room temperature (25°C) water; MLS - Moringa leaf extracted with heated (60°C) water;
AAPH - 2,2’-azobis(2-methylpropionamidine) dihydrochloride
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Introduction

Traditional and herbal teas have been consumed for centuries as disease preventing agents. While traditional tea is derived from
the plant Camellia sinensis, which is the most widely consumed beverage in the world second to water [1], herbal teas are increasing in
popularity and being used for their medicinal properties. Studies suggest a positive relationship between consumption of herbal tea and
reduction of select chronic diseases. Health benefits associated with herbal teas include hypotensive, anti-diabetic and anti-mutagenic
properties [2-5]. A number of the health beneficial properties of herbal teas are attributed to antioxidants present. Natural antioxidants
are receiving an enormous amount of attention from nutritionists, food manufacturers, medical experts and consumers due to their

purported health benefits. Herbal teas, such as moringa, are suggested to be one such source of natural antioxidants.

Originating in the western and sub-Himalayas, Africa, India and Pakistan [6-8] various parts of the moringa plant (Moringa oleifera),
including the leaf, bark and essential oils, have been utilized for many years as a supplement or consumed as a tea or vegetable. Report-
edly high in beta-carotene, vitamin C and minerals, moringa leaves have been deemed “as virtually ideal dietary supplement(s)” [9,8].
The leaves are also suggested to have high antioxidant capacity, which scavenges free radicals that may lead to chronic diseases such as

diabetes, heart disease and cancer [10].

Moringa has also been shown to have anti-diabetic effects in STZ-induced rats [11]. Because of the high amounts of carbohydrates
and lipids, the western diet has been associated with the promotion of diseases of civilization, including obesity and diabetes. Lipase,
a-glucosidase and a-amylase are enzymes that aid in the metabolism of fats (lipase) and carbohydrates (a-glucosidase; a-amylase). Pan-
creatic lipase, composed of 449 amino acids, is a crucial enzyme for the absorption of dietary triglycerides [12]. a-glucosidase (small
intestine) and a-amylase (pancreas) are enzymes that play a key role in carbohydrate digestion. The inhibition of these key metabolizing

enzymes could result in retardation of lipid and carbohydrate absorption; possibly reducing the risk of chronic diseases [13-14].

To date, there has been some research conducted on the phytochemical content and potential health benefits of moringa leaf, but

there has been limited research considering the most effective phytochemical extraction method and effects of processing on the leaf.

The use of supplements and other herbal tea derived products is constantly increasing. Because of this, there is a possible niche in
the market for other non-Camellia senesis derived teas. Though there are some herbal products on the market, there is still a need to
incorporate products from different plant sources and investigate their antioxidant properties. The objectives of this study were to deter-
mine the effects of processing on antioxidant content, capacity, and inhibition of metabolizing enzyme activities in moringa leaf extracted
with 80% ethanol, 80% methanol, and water (60°C and 25°C).

Materials and Methods
All chemicals were obtained from Sigma Chemical Company, St. Louis, Mo. and Fisher Scientific Company, Waltham, Mass. Moringa

leaves were obtained from a privately owned farm in India.

Determination of Phytochemicals in Moringa

Sample preparation and extraction of phenolics: Extraction of moringa leaves was performed using established methods. Leaves
were ground to a fine powder using a coffee grinder (Hamilton Beach, Glen Allen, VA). Five grams of leaf powder was added to 50mL of
80% methanol, 80% ethanol, or water (60°C or 25°C). The mixtures were stirred for 2 hr on an orbital shaker then centrifuged at 3000
xg for 20 mins. The supernatant was collected, filtered, and evaporated to dryness. The extraction was reconstituted with respective sol-
vent and stored at -80°C until further analysis. Moringa leaf extracts were identified as follows: MLM (moringa leaf extracted with 80%
methanol); MLE (moringa leaf extracted with 80% ethanol); MLR (moringa leaf extracted with room temperature (25°C) water); MLS
(moringa leaf extracted with heated (60°C) water).
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Determination of Total Phenolic and Flavonoid Contents in Moringa Extracts. Total phenolics in moringa leaf extracts were deter-
mined by the Folin-Ciocalteau method and reported as gallic acid equivalents (GAE) as described by [15]. Total flavonoids in moringa
leaf extracts were determined by a colorimetric methods described by [16-17] with modifications and reported as catechin equivalents
(CAE).

Antioxidant Potential of Moringa

Antioxidant activities including ferric reducing antioxidant power (FRAP), 1,1 diphenyl 2-picrahydrazyl (DPPH) radical scavenging
ability, trolox equivalent antioxidant capacity (TEAC), and oxygen radical absorbance capacity (ORAC) of moringa leaf extracts were
determined. FRAP of moringa leaf extracts was determined by the methods described by [18]. DPPH radical scavenging ability of leaf
extracts was determined following methods described by [19] and modified by [20]. Trolox equivalent antioxidant capacity (TEAC) of
moringa leaf extracts was performed following methods by [21] using the 2,2’-azino-bis (3-ethylbenzothiazoline-6-sulfonic acid (ABTS)

radical. Oxygen radical absorbance capacity of moringa was compared to that of trolox using methods described by [22].

Determination of Lipid and Carbohydrate Metabolizing Enzyme Inhibition.

Inhibition of lipase, a—glucosidase and a-amylase by moringa was determine by methods described by [23] and [24], respectively.

Statistical analysis

Results are presented as means + SEM using SAS system version 9.3 ANOVA was used to determine any significant differences among

the treatment groups. Significance was determined at p < 0.05. The means were separated using Tukey’s Studentized Range Test.

Results and Discussion

There are a number of herbal products on the market currently and some herbal tea products and supplements include information
of the product’s antioxidant potential and content on the primary packaging. The antioxidant content and potential of moringa leaf ex-
tracted with various solvents was determined. Figure 1 shows the total phenolic content of moringa leaf extracted with 80% methanol,
80% ethanol, 25°C water and water at 60°C. Overall, moringa leaf extracted with heated water at 60°C (MLS) had a significantly (p <
0.05) higher content compared to MLR, MLE and MLM. Water was able to extract more phenolic compounds from moringa leaf compared
to organic solvents; suggesting the presence of more water soluble phytochemicals in the leaf. Moving forward with other assays in the
present study, MLS and MLE were selected as these extracts of moringa leaf exhibited significantly higher phenolic content compared to

their polar or non-polar counterparts.

Figure 2 shows the total flavonoid content of MLS and MLE. Following a similar trend as the TPC results, moringa extracted with
water heated at 60°C had a significantly (p < 0.05) higher TFC compared to MLE.

FRAP results are displayed in Figure 3. The ability of MLE to reduce ferric to ferrous iron was significantly (p < 0.05) greater than that

of moringa extracted with heated water.

Table 1 displays the antioxidant capacity of moringa leaf extracts including DPPH radical scavenging, trolox equivalent antioxidant
capacity and oxygen radical absorbance capacity. DPPH is a stable free radical that is deep purple in color. This assay measures the ability
of biological samples to reduce 1,1-diphenyl-2-picryl hydrazyl radical to 1,1-diphenyl-2-picryl hydrazine, therefore a reduction in purple
color indicates a reduction in free radicals. At an extract concentration of 0.1mg/ml MLE had a significantly (p<0.05) higher DPPH radical
scavenging ability compared to MLS. TEAC of moringa leaf extracts, reported as trolox equivalents (TE)/100g of sample, is also displayed
in Table 1. Trolox is a water-soluble analog of vitamin E; this assay compares the ability of the moringa extracts to scavenge the ABTS
radical (ABTS + to ABTS -) to that of vitamin E.
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Abbreviations: GAE- gallic acid equivalents, MLM- moringa leaf extracted with 80% methanol, MLE-
moringa leaf extracted with 80% ethanol, MLR- moringa leaf extracted with room temperature water
(252C), MLS- moringa leaf extract with heated water (602C)

Bars (n=3) expressed as means + SEM. Means within treatments without a common letter(abc) differ
significantly at p < 0.05.

Figure 1: Total Phenolic Content of Moringa Leaf Extracts.
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Abbreviations: CAE- catechin equivalents, MLE- moringa leaf extracted with 80% ethanol,
MLS- moringa leaf extract with heated water (602C)

Bars (n=3) expressed as means + SEM. Means within treatments without a common
letter(abc) differ significantly at p < 0.05.

Figure 2: Total Flavonoid Content of Moringa Leaf Extracts.
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Figure 3: Ferric Reducing Antioxidant Power of Moringa Leaf Extracts.

Moringa Extract DPPH Radical % TEAC (um TE/100g) ORAC (um TE/100g)
Scavenging
MLE 78.10 £ 0.34* 222.18 £ 11.55? 1309.45 £ 115.93?
MLS 59.79 + 6.28° 256.50 + 4.44° 138.07 +17.41°

Abbreviations: MLE- moringa leaf extracted with 80% ethanol, MLS- moringa leaf extract
with heated water (602C), : DPPH - 1,1 diphenyl 2-picrahydrazyl , TEAC- Trolox Equivalent
Antioxidant Capacity, ORAC - Oxygen Radical Absorbance Capacity, TE- trolox equivalents.

Columns (n=3) expressed as means * SEM. Means within treatments without a common

letter(abc) differ significantly at p < 0.05.

Table 1: Antioxidant Potential of Moringa Leaf Extracts.
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There were no significant (p < 0.05) differences in TEAC between MLE and MLS. ORAC values of moringa extracts are also displayed

in Table 1. ORAC measures the ability of moringa extracts to protect fluorescein from oxidation, caused by AAPH- “2,2’-azobis(2-meth-
ylpropionamidine) dihydrochloride, compared to that of trolox. The ORAC value of MLE (1309.45) was nearly 10-fold higher than that

of MLS (138.07).

Table 2 shows carbohydrate and lipid metabolizing enzyme inhibition by moringa leaf extracts. The Western diet is of growing con-

cern to researchers, as it contains a high amount of carbohydrates and fats; which contribute heavily to the pathogenesis of obesity and

diabetes. Lipase, a-glucosidase and a-amylase are enzymes that aid in the metabolism of fats (lipase) and carbohydrates (a-glucosidase;

a-amylase). Inhibition of the aforementioned enzymes could lead to the prevention of diabetes and obesity. The ethanolic extraction

of moringa leaf inhibited a-glucosidase and lipase more effectively than MLS; oppositely, MLS had a significantly (p < 0.05) higher

a-amylase inhibition compared to MLE.
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Moringa Extract a-glucosidase a-amylase Lipase
(% Inhibition) (% Inhibition) | (% Inhibition)
MLE 73.842 10.10° 64.60°
MLS 54.25° 38.837 41.27°

Abbreviations: MLE- moringa leaf extracted with 80% ethanol, MLS- moringa
leaf extract with heated water (602C)

Columns (n=3) expressed as means * SEM. Means within treatments without

a common letter(abc) differ significantly at p < 0.05.

Table 2: Carbohydrate and Lipid Metabolizing Enzyme Inhibition by Moringa Leaf Extracts.

Discussion

TPC, TFC, FRAP, TEAC and ORAC were evaluated in various extractions of moringa leaf. Leaves were extracted with 80% methanol,
80% ethanol, room temperature (25°C) water or heated (60°C) water. Leaves were extracted with heated water to simulate tea steeping.
In the present study, heating increased extractability of polyphenols. The present results align with Su and others, who reported that
phytochemical yield increased with steeping temperature and time of oolong tea extracts. The same authors also observed a reduction

in phenolics after steeping at 100°C for 10 mins [25]. A similar trend was noted in TFC for the current study.

In the present study, the ethanolic extract of the moringa leaf had higher FRAP, DPPH and ORAC antioxidant potentials. Ethanolic
extractions of moringa were shown to isolate niazinin derivatives, which are suggested to have health benefitting properties [26,8]. It
was also suggested that the ethanolic extract of moringa improves antioxidant status by enhancing the activity of antioxidant enzymes
[27-28].

The trolox equivalent antioxidant capacity assay measures the ability of extracts to inhibit the ABTS radical, compared to a water-
soluble vitamin E analog, trolox. Results from the present study suggest that moringa leaf extracted with water inhibited more ABTS
compared to the ethanolic extract of moringa. A study conducted by Floegel and others aligns with the present study by suggested that
the ABTS radical is inhibited at a higher percentage by hydrophilic extracts [29].

Moringa leaf extracts inhibited carbohydrate and lipid metabolizing enzymes in the present study. Moringa is an immense source of
flavonoids such as kaempferol, and isoquercitrin [30-31, 28]. A study conducted by Tadera and others suggested that the enzyme inhibi-
tory activity of flavonoids is driven by the unsaturated C ring and hydroxyl substitution on the B ring [14], which possibly gave rise to the

enzyme inhibition of moringa leaf extracts in the present study.

Conclusion
Though there are a number of herbal products on the market, very few utilize moringa leaves as an ingredient. The results of the
study suggest that moringa leaf extracts may benefit consumers by improving their antioxidant status and inhibiting carbohydrate and

lipid metabolizing enzymes, possibly leading to the prevention of chronic disease.
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