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Abstract  

 Moringa oleifera (MO) has long been known for traditional diseases preventions and treatments. This tree has wide 

genetic variabilities such as the distinctive leaf stalk colors. Moringa oleifera leaf powder (MOLP) is potentially used for 

a functional food ingredient. The high prevalence of hypercholesterolemia requires a search for ingredients for 

cholesterol-lowering food products.  This study aimed to evaluate the ability of MOLP from different leaf stalk colors 

(red, white, green) in improving lipid profile in vivo. The mechanism of improvement was evaluated by in vitro HMG-

CoA and pancreatic lipase inhibitory activities of MOLP extract and in vivo fecal concentration. The results showed that 

the highest HMG-CoA reductase inhibitory activity was obtained from the MOLP extract with white leaf stalk, followed 

by red and green ones. The highest inhibition was found in the aqueous extract of MOLP from red leaf stalk with an 

inhibitory activity of 81.06%, almost comparable to statin of 85.20%. The sequence of the HMG -CoA reductase activity 

from the highest was the water extract of MOLP from red leaf stalk (81.06%), followed by ethyl acetate extract of MOLP 

from green leaf stalk (97.30%), water extract of MOLP from white leaf stalk (75.72%). The highest lipase inhibition 

activity was exhibited by MOLP with red leaf stalk followed by white and green ones. MOLP with different leaf stalk 

colors reduced LDL-c. TG, and TC, but increased HDL-c significantly, that MOLP from the red laef stalk was the best, 

followed by white and green ones. The number of identified phytochemicals from ethanol extracts was influenced by leaf 

stalk color. Flavonoids were the predominant phytochemicals for all MOLP extracts from different leaf stalk colors.  

MOLP increased fecal cholesterol concentration indicating inhibition of cholesterol absorption. MOLP has more 

advantages than MO leaf extract in modulating lipid profile due to its composition.    
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List of abbreviations 

 HDL-c  High density lipoprotein-cholesterol 

 HMG-CoA 3-hydroxy-3-methylglutaryl coenzyme A 

 LC MS  Liquid chromatography – mass spectroscopy 

 LDL-c  Low density lipoprotein-cholesterol 
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 MO   Moringa oleifera 

 MOLP  Moringa oleifera Leaf Powder 

 TC   Total cholesterol 

 TG   Triglyceride 

 SCFA  Short chain fatty acid 

 VLDL-c  Very high-density lipoprotein-cholesterol 

 

Introduction 

 The Moringa genus is a medicinal plant used 

traditionally for a long time.  Moringa species are 

known for their anti-inflammatory, anticancer, 

antioxidant and antihyperglycemic activities due to the 

biological activity of glucosides, flavonoids and 

glucosinolates [1]. One of the genera of Moringa that is 

widely consumed in many parts of the world is Moringa 

oleifera (MO) or drumstick.  This species is known as 

the Miracle Tree [1], because all parts of this plant are 

used for various purposes and some organs show health 

benefits.  Among MO plant organs, the most widely 

studied are MO leaves and they showed beneficial 

effects in several chronic disorders such as 

hypertension, hypercholesterolemia, insulin resistance, 

diabetes, cancer, non-alcoholic liver disease, and overall 

inflammation [2]. 

 MO leaves attract attention due to their 

pharmacological activity and are widely consumed 

because of their nutritional content. Study of the benefits 

of MO leaves for health, especially in the form of 

extracts such as antidiabetic activities of the aqueous 

extract by α-glucosidase and α-amylase inhibition  [3], 

protection of pancreatic beta cells, and the induction of 

glycogen synthesis by water extract [4], methanol and 

ethanol extracts inhibited α-amylase [5-7] and α-

glucosidase [8], participating in the PI3K-Akt signaling 

pathway of ethanolic extract  [9]; reduction lead toxicity 

[10]; malnutrition therapy of aqueous extract [11] 

hypolipidemic effect by inhibiting pancreatic lipase by 

ethanolic extract [8] and hypocholesterolemic effect of 

polyphenol extract from MO leaves [12]. 

 Hypercholesterolemia is an abnormality of lipid 

profile in the blood leading to strokes and heart attacks 

[13]  and an important precursor to many 

cerebrovascular, cardiovascular, and peripheral vascular 

diseases. Globally the prevalence of 

hypercholesterolemia is high, as reported by the 

American Heart Association that the prevalence of 

hypercholesterolemia to be 11.9 [14].  Finding natural  

 

products for the management of hypercholesterolemia 

that mimic anti-cholesterol drugs remains a challenge.  

The increasing prevalence of hypercholesterolemia in 

the world has prompted the exploration of 

phytochemical-rich plants for the treatment of 

hypercholesterolemia. Traditionally, MO leaves have 

been used for hypercholesterolemia treatments such as 

by Indians as a hypocholesterolemic agent in their 

herbal medicine for obese patients [15]. Previous studies 

reported the pharmacological activities of MO leaf 

powder (MOLP), including hypoglycemic [16], 

antioxidant [17], anticancer, anti-inflammation [18], and 

hypocholesterolemic  [19,20] properties. 

 Mechanisms of hypocholesterolemic effect of MO 

leaves has been evaluated in several studies. Asrifah et 

al. [19] indicated that MOLP had the ability to inhibit 

cholesterol absorption, indicating by high cholesterol 

concentration in the feces of MOLP fed rats.  Besides, 

MOLP was able to produce short chain fatty acids 

(SCFAs) in the caecum. The polyphenol extract of MO 

leaves inhibited HMG-CoA reductase activity as the key 

enzyme in cholesterol synthesis, and bound to fecal bile 

acid [12].  It is supposed that HMG-CoA reductase and 

cholesterol absorption inhibition is related to the 

bioactive compounds of MO.   

 Forty-two compounds were identified from the 

water extract of MO leaves, including phenolic acids 

and their derivatives, isothiocyanates, flavonoids, 

alkaloids, nucleosides, and other compounds.  

Pharmacokinetic study on 5 compounds from water 

extract of MO leaves showed that all compounds were 

found in the blood plasma after 5 minutes oral 

administration indicating their high bioavailability [21]. 

Fidyasari et al. [22] showed that MOLP from different 

colors of leaf stalks, i.e. green, red, and white, had 

different total phenolic and flavonoid contents.  

  Asrifah et al. [19] examined the cholesterol-

decreasing properties of MOLP from white and red leaf 

stalks.  That study compared MOLP with ezetimibe and 
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commercial fermented dairy product containing plant 

stanol ester as the drug and functional food to inhibit 

cholesterol absorption, respectively.  The result showed 

that hypocholesterolemic activity of MOLP was similar 

to commercial fermented dairy products containing 

plant stanol ester and ezetimibe.  MOLP from red leaf 

stalk exhibited better hypocholesterolemic properties.  

However, that study did not compare with statin drug as 

HMG-CoA reductase inhibitor and did not evaluate the 

ability of the MOLP to inhibit that enzyme. 

 Redha et al. [24] reviewed the roles of MO leaf 

extracts as anti-obesity through impairment of the lipid 

profile (total cholesterol (TC), low density lipoprotein 

cholesterol (LDL-c), and high density lipoprotein 

cholesterol (HDL-c)) and body weight. Ezzat et al. [25] 

revealed that ethanolic extract of MO leaves had anti-

obesity activity in high fat diet rats through improving 

lipid profile. One of anti-obesity mechanism is by 

inhibiting pancreatic lipase activity thus lowered the TC 

absorption. Ethanol extract of MO leaves also showed a 

promising in vitro pancreatic lipase inhibitor (IC50 = 

437.1 μg/mL) [26]. Aqueous extract of MO leaves also 

showed that pancreatic lipase and cholesterol esterase 

activity inhibition by MO leaves aqueous extract [5]. 

 So far, the comparison of MOLP from different 

leaf stalk colors has been limitedly explored as a source 

for its cholesterol-lowering properties. Its anti-

cholesterol mechanism has not been fully elucidated. 

This study aimed to evaluate the effect of MOLP from 

green, red, and white leaf stalks on lipid profile of 

hypercholesterolemia rats, in comparison to statin.  We 

supposed that different leaf stalk colors have alight 

different bioactive compounds in the leaves thus the 

MOLP from different leaf stalk color might exhibit 

different hypocholesterolemia properties.  The ability of 

MOLP extracts with different polarity of solvent to 

inhibit HMG-CoA reductase and lipase was also 

examined as well as the phytochemicals of the potential 

extracts.  Most studies used fresh leaves for extracting 

as the part of extract for some purposes such as food 

supplements.  This study used MOLP for extraction to 

prove that the MOLP phytochemicals with different 

polarity revealed lipase and HMG-CoA reductase 

inhibition activity.  The ability of MOLP to inhibit 

cholesterol absorption was examined through fecal 

cholesterol concentration of the rats.  

 

Materials and methods 

 Materials 

 MOLP was obtained from a local farmer (Figure 

1), obtained from Bluto District, Sumenep Regency, 

East Java, Indonesia. The MOLP was taken only once 

during experiment to ensure the homogeneity of the 

samples.  MOLP was stored in the room temperature in 

tight jars during the study.  For Anticholesterol analysis 

through HMG-CoA reductase inhibition assay 

Enzymatic activity was measured using the HMG-CoA 

Reductase Assay Kit technical bulletin with catalog 

number CS1090 with reagen Assay Buffer 1X by 

dissolving 0.2 mL of assay buffer 5x with 0.8 mL of 

ultrapure water, 1 mL of assay buffer, NADPH, HMG-

CoA, HMG-CoA Reductase (HMGR) and Pravastatin. 

Meanwhile, for anticholesterol analysis through Lipase 

pancreatic inhibition assay, enzymatic activity was 

measured using the pancreatic Lipase Assay Kit 

technical bulletin with catalog number MAK046 with 

glycerol standards reagent, lipase assay buffer, 

peroxidase substrate, enzyme mix and lipase substrate.  

DyaSis CHOD PAP was used for analysis of lipid 

profile in in vivo experiment. 

 

 Methods  

 MOLP maceration-sonification extraction 

 The MO leaves with different leaf stalk colors and 

their corresponding MOLP is shown in Figure 1. MOLP 

of white, green, and red stalk was extracted using 

maceration-sonication method with water (aquadest), 

ethanol, acetone, ethyl acetate and n-hexane, 

representing different solvent polarities.  All organic 

solvents were pro-analysis grade from Merck 

(Germany). The polarity of solvent determined the 

extracted compounds that might affect the extract ability 

in reducing HMG-CoA reductase and lipase activity.  

Maceration-sonification extraction techniques 

following the procedure modified from Ref. 30. The 

process involved soaking 100 g of MOLP in 800 mL of 

the respective solvent for 3 h, then subjecting it to 

ultrasonic extraction for 30 min, set at 55 °C (200 W, 40 

kHz). The extract was then filtered, and the residue was 

re-extracted twice using the same solvent. The 

combined filtrates were concentrated using a rotary 

evaporator under vacuum at 45 °C until thick, and the 

residual solvent was removed by spraying with nitrogen 

gas. Next, the extract was centrifuged for 10 min to 
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remove solids that might have escaped during filtration. 

The resulting 40-50 mL filtrate was stored at 4 °C for 

further analysis. Each extract was analyzed for 

phytochemical types using LC-MS following the 

procedure of Teclegeorgish et al. [31].

  

 

(a)  

 

(b)  

Figure 1 The leaves of Moringa oleifera with different leaf stalk colors and their corresponding leaf powder; (a) Moleifera 

leaves with different leaf stalk color: (A) red, (B) green, (C) white, and (b) Moringa oleifera leaves powder with different 

leaf stalk color: (A) red, (B) green, and (C) white. 

 

 

 In vitro analysis of HMG-CoA reductase 

inhibition by MOLP extracts 

 HMG-CoA reductase inhibitory activity was 

calculated by measuring the absorbance at 340 nm using 

a BioTek ELX800 microplate reader (BioTek 

Instruments, US). MOLP extracts were analyzed for 

their inhibitory activities. HMG-CoA reductase 

inhibition assay of MOLP extracts were analyzed by 

following the protocol of HMG-CoA Reductase Assay 

Kit technical bulletin with catalog number CS1090 

(Sigma-Aldrich Co.).  As a comparison is statin drug. 

HMG-CoA reductase inhibition assay of MOLP extracts 

were analyzed by following the protocol of HMG-CoA 

Reductase Assay Kit technical bulletin with catalog 

number CS1090.  As a comparison is statin drug. 

 In vitro analysis of lipase pancreatic inhibition 

by MOLP extracts 

 Pancreatic lipase inhibitory activity was calculated 

by measuring the absorbance at 570 nm using a BioTek 

ELX800 microplate reader (BioTek Instruments, US). 

MOLP extracts were analyzed for their inhibitory 

activities. Pancreatic lipase inhibition assay was 

measured by following the procedure from Pancreatic 

Lipase Assay Kit technical bulletin with catalog number 

MAK046 (Sigma-Aldrich Co.). Orlistat was used as a 

comparison of drug for lipase inhibition. 
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 Phytochemical analysis of MOLP extracts by LC-

MS 

 The extracts which showed the highest HMG-CoA 

reductase and pancreatic lipase inhibition activity were 

analyzed for their phytochemical profiles using LCMS-

8040. The LCMS-8040 is the long-proven UFMS 

providing acquisition speed of 555 MRM/sec and 15 

msec polarity switching time. It was equipped with UF-

Lens and UF sweeper II collision cell, the hallmark 

technologies underlying fast ion transmission and high 

sensitivity. 

 Chromatographic separation was performed on 

(Ultra Performance Liquid Chromatography particle 

technology Bridged Ethylene Hybrid) or Ultra 

Performance Liquid Chromatography using particle 

technology bridged ethylene hybrid (UPLCBEH), 

equipped with a C18 column (100×2.1×1.7 mm3 film 

thickness, Waters, USA). The column temperature was 

set at 35 °C and the injection volume was set at 1 µL. 

Mobile phase A was 0.5 %(v/v) formic acid solution, 

while mobile phase B was Isocratic. And the flow rate 

was set at 0.5 mL/min. The change of mobile phase was 

programmed as follows: The initial mobile phase was 

95% mobile phase A and 5% mobile phase B; mobile 

phase B increased from 5% to 100% of the total mobile 

phase within 11 min (1.5 min, 20%; 3.5 min, 40%; 5 

min, 60%; 7 min, 85%; 8 min, 100%); at 11.5 min, the 

mobile phase was suddenly changed to 95% mobile 

phase A and 5% mobile phase B, and then the system 

was maintained for 1.5 min; then, the next cycle was 

started. The UPLC-Q-TOF-MS system was configured 

with a WatersXevo G2Q-TOF mass spectrometer 

(Milford, MA, USA). Mass spectra were obtained by 

electrosprayionization (ESI) with Io type [M]+ ion 

mode and scanning at 0.6 sec/scan (mz: 10 - 1,000). The 

MSE method was carried out in this study through the 

ascan model to obtain information on parent and 

daughter ions in one injection using tandem mass 

spectrometry, and the MS conditions were as follows: 

Capillary ionization voltage was 3.0 kV and sampling 

cone voltage was 23 V; source temperature was 100 °C 

and solvent temperature was 350 °C; desolvation gas 

flow rate was 60 mL/h; Collison energy 5.0 V. The 

scanning range of MS1 and MS2 was between 10 to 

1,000 m/z, scanning 0.6 s/scan and collision energy 

ranged from 25 to 35 V. Data were collected and 

analyzed with WaterMassLynxv4.1 software. 

 

 In vivo experiment of lipid profile improvement 

by MOLP 

 The feed used in this study were the AIN-93M 

standard diet and a high-cholesterol modified AIN-93M 

standard diet. The formulation of MOLP from different 

stalk colors was based on the iso-calorie and iso-protein 

calculation by considering the proximate composition 

and dietary fiber content [22]. All formulas feed 

composition and modification of standard and high 

cholesterol feed according to the AIN-93M are shown in 

Table 1. 

 Male rats with 2 - 3 months age and body weight 

of 150-200 g were grouped into 6: Normal rats fed with 

standard diet, hypercholesteremia rats fed with standard 

diet, 3 groups of hypercholesterolemia rats fed with feed 

formulated by MOLP from white, red, and green leaf 

stalk colurs. After 3 days adaptation, rats were being 

hypercholesteromia by feeding hypercholesterolemia 

diets. After blood TC achieved 200 mg/dL, the treatment 

was started to employed by feeding according to the 

treatments.  Every 2 weeks, blood were taken orbital 

plexus, and after centofugation at 3,000 rpm for 15 min, 

the TC, LDL-c, HDL-c, and triglyceride (TG) were 

analysis using DiaSys Kit Assay (CHOD PAP method).

  

Table 1 Composition of high cholesterol feed and modified standard AIN-93M [32]  blood serum. 

Component 

Composition (g/kg diet) 

Modified 

Standard AIN-

93M* 

Hypercholeste-

rolaemic Diet ** 

MOLP from 

White Leaf 

Stalk 

MOLP 

from Red 

Leaf Stalk 

MOLP from 

Green Leaf 

Stalk 

MOLP - - 603.71 495.75 474.74 

Cornstarch 620. 69 620. 69 424.64 438.05 438.66 

Casein 140 140 0 0 0 

Sucrose 100 100 100 100 100 
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Component 

Composition (g/kg diet) 

Modified 

Standard AIN-

93M* 

Hypercholeste-

rolaemic Diet ** 

MOLP from 

White Leaf 

Stalk 

MOLP 

from Red 

Leaf Stalk 

MOLP from 

Green Leaf 

Stalk 

Soybean Oil 40 40 15.79 20.32 21.91 

Fiber 50 50 0 0 3.020 

Mineral mix 35 35 10 10 10 

Vitamin mix 10 10 20 20 20 

L-sistin 1.8 1.8 - - - 

Kolin bitartrat 2.5 2.5 - - - 

TBHQ 0.008 - - - - 

Cholic acid - 2 - - - 

Cholesterol - 20 - - - 

Beef tallow - 185 - - - 

Dextrin   155 155 155 

*The standard feed composition as per the AIN-93M standard, established by Reeves (1993). 

** Modification of Standard and High Cholesterol Feed According to AIN-93M". 

 

 Fecal cholesterol concentration analysis 

 At the end of experiment (week 8), TC of feces 

was measured using enzymatically CHOD-PAP with 

Dialabs® reagent (Germany), using Microlab® 

spectrophotometry at a wavelength of 546 nm. Feces 

were homogenized in 10% Tris HCl buffer solution 10 

nM (pH 7.4), and continued with extraction using 

organic solvents based on the Folch method. The 

principle of cholesterol extraction in feces according to 

[33,34] is tissue extraction using organic solvents, 

namely chloroform: Methanol = 2:1 (v/v), which is 

continued with washing the resulting filtrate using water 

to obtain an extract containing cholesterol. The extract 

was then dried in a vacuum and re-suspended in saline 

(NaCl solution) containing sodium lauryl sulphate 0.1% 

in accordance with previous methods [35,36]. Sodium 

lauryl sulphate 0.1% in saline was used to improve the 

recovery of cholesterol in the extract of homogenate. 

This study involve experiments on animals or human 

subjects.  

 Ethical Clearance Certificate No. 101-KEP UB-

2022 from the Research Ethics Committee (Animal 

Care and Use Committee) Universitas Brawijaya. 

 

 Data analysis 

 The experimental design to evaluate HMG-CoA 

reductase and pancreatic lipase activity inhibition was a 

completely randomized design with 2 factors: The 

MOLP from different leaf stalk colors (green, red, and 

white) and the extraction solvents (water, ethanol, 

acetone, ethyl acetate and n-hexane). All treatments 

were conducted in triplicate. The in vivo experiment was 

a nested experimental design with 6 treated groups of 

rats. Two factors were evaluated: The rat feeding and 

health status (normal rats fed with standard diet, 

hypercholesterolemia rats fed with standard diet, 3 

groups of hypercholesterolemia rats fed with feed 

formulated by MOLP from white, red, and green leaf 

stalk colors), and time of feeding (0, 2, 4, 6 and 8 

weeks).   

 The data were analyzed by Analysis of Variance, 

followed by the LSD test, to determine whether there 

was significant differences (α = 0.05) among treatments.  

LSD Test was conducted to identify the significant 

factors. The statistical tests were carried out with a 95% 

confidence level (α = 0.05). The analysis of data used 

Minitab version 19. 

 

Results and discussion 

 HMG-CoA reductase inhibitory activity of 

MOLP extracts from different leaf stalk colors 

 Figure 2(a) shows that MOLP extracts with 

different solvents have the ability to inhibit HMG-CoA 

reductase, the rate-limiting enzyme in the hepatic 
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cholesterol synthesis pathway. Statistically (p < 0.05), 

the type of solvents and the colors of leaf stalk 

significantly affected the HMG-CoA reductase activity. 

The lowest activity was found in the water extract of 

MOLP from the red leaf stalk with the activity of 0.28  

0.02 unit/mg P, which was almost similar to statin of 

0.25  0.01 unit/mg P.  The highest activity was 

observed in the hexane extract of MOLP from red leaf 

stalk.  Different leaf stalk colors indicated different 

HMG-CoA reductase activity.  The lowest enzyme 

activity of the extract MOLP from green leaf stalk was 

from ethyl acetate and the highest activity was from 

water extract. Meanwhile, the extract form MOLP with 

white stalk had the lowest activity in water extract and 

the highest was acetone extract.

 

 
(a)                                                                                                (b) 

Figure 2 HMG-CoA reductase enzyme activity (a) and % inhibition and (b) of the extracts MOLP (Moringa oleifera 

leaves powder) with different leaf stalk colors. 

 

 Different leaf stalk colors exhibited different 

HMG-CoA reductase activity significantly (p < 0.05) 

(Figure 2(b)).  The average activity of MOLP from 

white leaf stalk was 0.58  0.02 unit/mg P, the red was 

0.60  0.02 unit/mg P, and the green was 0.64  0.01 

unit/mg P.  The statin as a control had an enzyme 

activity of 0.25  0.01 unit/mg P. The extraction 

solvents affected the HMG-CoA reductase activity.  The 

extracts with different extraction solvents also revealed 

significantly different HMG-CoA reductase activity (p 

< 0.05).  The lowest activity was found in the extraction 

solvent of water, and followed in sequence by ethyl 

acetate, ethanol, hexane, and acetone. 

 The HMG-CoA reductase activities are inversely 

proportional their enzyme inhibitory activities. Lower 

residual enzyme activity means higher inhibitory 

activity, thus the ability to inhibit cholesterol synthesis 

or cholesterol reduction is also higher. Regardless of the 

extraction solvent (average of 5 different extraction 

solvents), the highest HMG-CoA reductase inhibitory 

activity was obtained from the MOLP extract with white 

leaf stalk (48.08 ± 0.01%), followed by red (45.10 ± 

0.01%) and green (42.72 ± 0.01%). HMG-CoA 

reductase inhibition by statins showed an inhibition of 

85.20%. The highest inhibition was found in the 

aqueous extract of MOLP from red leaf stalk with an 

inhibitory activity of 81.06%, and the lowest inhibitory 

activity was observed in the hexane extract of MOLP 

from red leaf stalk at 8.53%. Different extraction 

solvents with different polarities may have different 

bioactive compound profiles, resulting in different 

inhibitory activities.  For every MOLP from different 

leaf stalk colors and extraction solvent, the sequence of 

the HMG -CoA reductase activity from the highest was 

the water extract of MOLP from red leaf stalk (81.06%), 

followed by ethyl acetate extract of MOLP from green 

leaf stalk (77.30%), water extract of MOLP from white 

leaf stalk (75.72%). The water extract of MOLP from 

red stalk exhibited high HMG-CoA reductase activity, 

which is almost comparable to the statin drug.    

 A previous in vivo studies [25] showed that 

ethanol extract of MO significantly suppressed HMG-

CoA reductase activity with oral administration of 200 

and 400 mg/kg body weight for one month. Jain et al. 

[37] revealed that methanol extract of MO leaves 

reduced HMG-CoA reductase activity. Reddy et al. [12]  

showed that polyphenol extract from MO leaves 
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inhibited HMG-CoA reductase activity. The mechanism 

of polyphenol inhibition is through binding to the active 

site of HMG-CoA reductase and blocking the binding of 

nicotinamide adenine dinucleotide phosphate (NADP+), 

including kaempferol but with low affinity [38]. 

 

 Inhibition of pancreatic lipase by MOLP 

extracts from different leaf stalk colors 

 MOLP extracts with different extraction solvent 

polarities showed different abilities in inhibiting 

pancreatic lipase (Figure 3(b)). Statistically, extraction 

solvents and MOLP from different leaf stalk colors 

significantly affected pancreatic lipase activity (p < 

0.05). The highest lipase activity inhibition was found in 

the ethyl acetate extract of MOLP from red leaf stalk 

(81.01%). The lowest inhibition was the acetone extract 

of MOLP with white leaf stalk (7.63%). In comparison, 

orlistat showed an inhibitory activity of 85.21%. These 

findings indicate that MOLP with different leaf stalk 

colors have different abilities in inhibiting pancreatic 

lipase, even though extraction used similar extraction 

solvents. The highest lipase activity inhibition of MOLP 

extract with green leaf stalk was the ethyl acetate extract 

and the n-hexane extract for MOLP with white leaf 

stalk.

 

 
(a)                                                                                             (b) 

Figure 3 Pancreatic lipase enzyme activity (a) and % inhibition and (b) of the extracts MOLP (Moringa oleifera leaves 

powder) with different leaf stalk colors. 

 

 Despite extraction solvent, the leaf stalk colors 

affected the lipase inhibitory activity significantly (p < 

0.05). The highest inhibition activity was exhibited by 

MOLP with red leaf stalk (54.44 ± 0.01%), followed by 

white (46.33 ± 0.01%) and green (45.74 ± 0.01%) leaf 

stalk. All extracts exhibited lipase inhibitory activity, 

indicating that multiple compounds in MOLP are 

responsible for this biological activity. Regardless of 

leaf stalk color, the highest lipase inhibition was 

observed in the ethanol extract, followed by the 

extraction solvents ethanol > ethyl acetate > hexane > 

acetone. It appears that solvent polarity results in 

different phytochemical polarities, which affect lipase 

inhibitory activity. Polar compounds may play a role in 

lipase inhibition. This finding is almost similar to the 

inhibition of HMG-CoA reductase activity where polar 

solvents, meaning polar bioactive compounds, show the 

highest inhibitory activity. 

 Some studies reported the lipase inhibition activity 

of MO leaf extract. Ogundipe et al. [7] reported that MO 

leaf ethanolic extracts inhibited the α-lipase enzyme in 

a concentration-dependent manner. The highest 

inhibitory activity was 93.84% at an extract 

concentration of 4.68 μg/mL, and the lowest was 79% at 

a concentration of 300 μg/mL. Pancreatic lipase plays a 

key role in fat metabolism; thus, inhibition of this 

enzyme reduces lipid hydrolysis, decreasing lipid 

absorption and thereby reducing fat accumulation that 

leads to obesity [38,39]. In this study, lipase inhibition 

was suggested to increase blood triglyceride levels. The 

findings in this study also suggest that MOLP has 

potential as an anti-obesity food ingredient. 

 

 Phytochemicals of MOLP from different leaf 

stalk colors  

 Phytochemical analysis of the extracts was 

performed with extracts that had the highest lipase or 
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HMG-CoA reductase inhibitory activity. The extracts 

used were aqueous extracts from MOLP with red and 

white leaf stalk because they had the highest lipase and 

HMG-CoA reductase inhibitory activity. Meanwhile, 

ethyl acetate extract from MOLP with green leaf stalk 

showed the highest lipase and HMG-CoA reductase 

inhibition. Ethanol extracts were used for MOLP 

extracts from all different leaf stalk colors, because 

ethanol is usually used as an extraction solvent for 

bioactive compounds. The phytochemical profiles of the 

extracts are shown in Table S1. 

 The metabolite profile of MO leaves depends on 

genotype, cultivation method [40], and agroclimate 

[41]. The presence of phytochemical in MO leaves is 

greatly influenced by geography, variety and 

environmental conditions as well as season [17]. The 

metabolite profile of MO leaves is influenced by 

cultivation methods, harvest time and genotype [40].  In 

this study, the main factor affecting the different 

phytochemical profile was the MO genotypes expressed 

by different leaves stalk colors. 

 The number of identified phytochemicals from 

ethanol extracts was influenced by leaf stalk color 

(Table S1). The MOLP extract from green leaf stalk had 

124 phytochemicals, followed by the white ones (100 

compounds), and the red ones (95 compounds) (Table 

S1). The extraction solvent affected the extracted 

compounds for MOLP from similar leaf stalk colors, 

where the ethyl acetate extract showed higher identified 

compounds (135 phytochemicals) than the ethanol 

extract of MOLP from green leaf stalk. Meanwhile, the 

water extracts showed fewer compounds from MOLP 

from red (85 compounds) and white (68 compounds) 

leaf stalk compared to the corresponding ethanol 

extracts. 

 Flavonoids were the predominant phytochemicals 

for all MOLP extracts from different leaf stalk colors.  

Ethanol extracts had a higher number of flavonoids than 

water extracts in MOLP from red and white stalk colors. 

However, the identified flavonoid compounds of the 

ethyl acetate extract and ethanol extract were similar in 

the MOLP from the green leaf stalk.  Flavonoids were 

dominated by quercetin, kaempferol, and their 

derivatives.  This finding is in accordance with our 

previous study on the ethanolic extract of blanched 

MOLP [42].  but the extracts from this study showed a 

greater number of flavonoid compounds.  This previous 

study evaluated the effect of blanching pH  [42] which 

affected the occurrence of phytochemicals.   Rutin was 

also found in the extract at (Table S1). Rutin was 

reported to strongly bound to HMG-CoA reductase and 

decreased its activity [43]. whereas quercetin was 

reported to moderately inhibit HMG-CoA reductase 

[44].  Kaempferol was reported to inhibit pancreatic 

lipase and had a synergistic effect with orlistat [45]. In 

addition, quercetin was also a promising pancreatic 

lipase inhibitor [46]. Rutin (quercetin-3-O-rutinoside) 

substantially decreased pancreatic lipase activities with 

IC50 value of 35 μg/mL [36]. The MOLP extract 

contained some typical MO leaf phytochemical such as 

glucosinolates and alkaloid Marumoside A and B 

(Table S1).  These compounds were also found in the 

ethanolic extract of blanched MOLP [42]. Sheu et al. 

[47] reported that glucosinolates extract from Brassica 

juncea reduced HMG-CoA reductase activity. The 

ethanol and ethyl acetate extracts of MOLP contained 

sterols, comprising of β-sitosterol and campesterol.  MO 

leaves contained phytosterols [48], which can improve 

lipid and apo B profiles [40], modulate the expression of 

transporters, LDL receptors, and inhibit HMG-CoA 

reductase. 

 Data in Figure 2 reveal that the highest HMG-

CoA reductase inhibitory activity for each MOLP with 

different leaf stalk colors is the water extract of MOLP 

from red leaf stalk > the ethyl acetate extract of MOLP 

from green leaf stalk > the water extract of MOLP from 

green leaf stalk.  Regardless of the lowest number of 

identified phytochemicals, MOLP from red leaf stalk 

showed the highest HMG-CoA reductase inhibition. 

The identified compounds at Table S1without 

considering their concentrations. A previous study [22]. 

showed that the total phenolic and flavonoid contents of 

MOLP from the red leaf stalk are the highest compared 

to the green and white ones.  Meanwhile, the pancreatic 

lipase inhibitory activities were the water extract of 

MOLP from red leaf stalk > the water extract of MOLP 

from green leaf stalk > the ethyl acetate extract of 

MOLP from green leaf stalk.  This data is also in 

contrary to the number of identified phytochemicals for 

each extract, meaning that the inhibitory activity was not 

only determined by the total identified compounds but 

also by their concentrations.   
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 Lipid profile changes and fecal cholesterol 

 Figure 4 shows the lipid profile changes during 

MOLP administration to the hypercholesterolemia rats 

compared to the normal rats with standard diet and 

hypocholesterolemia rats without MOLP feeding.  

Table 2 shows the lipid profile changes of each group 

after eight-week treatment.  MOLP with different leaf 

stalk colors reduced LDL-c. TG, and TC, but increased 

HDL-c significantly (p < 0.05).  Meanwhile, the positive 

control of hypocholesterolemia group without treatment 

remained having high TC, TG, and LDL-c; and low 

HDL-c. The lipid profile of rats group treated with 

simvastatin was almost similar with the changes of 

MOLP treated group.

   

 

 (a)                                                                                                  (b) 

 

(c)                                                                                                      (d) 

Figure 4 Blood serum lipid profiles changes during eight-week treatment. (a) HDL-c, (b) LDL-c, (c) triglycerides, (d) 

total cholesterol. 

 

Table 2 Lipid profile and fecal cholesterol changes of groups of hyperglycemia rats treated with Moringa oleifera leaf 

powder (MOLP) from different leaf stalk colors. 

 

Normal  

Without treatment 

(negative control) 

Hypercholesterole

mia without 

treatment (positive 

control) 

Hypercholesterole

mia + simvastatin 

Hypercholesterolemia 

+ MOLP from white 

leaf stalk 

Hypercholesterole

mia + MOLP from  

green leaf stalk 

Hypercholesterole

mia  + MOLP from 

red leaf stalk 

Serum 

Cholesterol 

Levels (mg/dL)              

Initial - Week 0  81.11 ± 0.14 231.38 ± 0.11 242.45 ± 0.01 234.64 ± 0.04 237.35 ±0.06 242.35 ± 0.12 

Final - Week 8 83.19 ± 0.08 317.4 ± 0.05 118.67 ± 0.01 135.62 ± 0.04 124.58 ±0.06 121.67 ± 0.10 

Mean of % 

Change +2.56 f +37.18 a − 51.05 e −42.20 b −47.51 c −49.8 d 

Fecal Cholesterol 

Level (mg/dL) 

(mg/100 g feces) 
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Initial - Week 0  137.63 ± 0.01 79.95 ± 0.02 251.51 ± 0.01 158.14 ± 0.01 166.82 ± 0.02 190.98 ± 0.03 

Final - Week 8 135.55 ± 0.05 69.2 ± 0.03 110.73 ± 0.01 78.12 ± 0.03 80.15 ± 0.01 90.31 ± 0.01 

Mean of % 

Change −1.55 f −13.44 a +55.97 e +50.6 b +51.95 c +52.71 d 

Blood 

Triglyceride 

Level (mg/dL) 
      

Initial - Week 0  29.63 ± 0.07 143.27 ± 0.09 177.1 ± 0.07 163.13 ± 0.10 170.70 ±0.11 173.57 ± 0.12 

Final - Week 8 31.72 ± 0.06 172.15 ± 0.09 73.22 ± 0.08 100.42 ± 0.08 79.56 ± 0.10 73.87 ± 0.08 

Mean % Change +7.05 f +20.16 a −58.66 c −38.44 b −53.39 d −57.44 e 

Blood HDL Level 

(mg/dL) 
      

Initial - Week 0  45.13 ± 0.08 39.45 ± 0.06 37.47 ± 0.09 35.56 ± 0.53 35.56 ±0.07 37.21 ± 0.07 

Final - Week 8 44.72 ± 0.09 28.09 ± 0.08 65.26 ± 0.05 57.44 ± 0.12 59.95 ± 0.08 64.36 ± 0.06 

Mean of % 

Change −0.92 e −28.80 f +74.16 a +57.11 d +68.59 c +72.96 b 

LDL cholesterol 

(mg/dL) 
      

Initial - Week 0  30.04 ± 0.07 135.73 ± 0.06 131.82 ± 0.06 134.53 ± 0.06 138.66 ± 0.08 135.93 ± 0.1 

Final - Week 8 32.13 ± 0.08 142.9 ± 0.06 38.77 ± 0.09 58.1 ± 0.05 48.72 ± 0.03 42.54 ± 0.07 

Mean of % 

Change +6.95 f +5.28 a −70.59 e −56.81 b −64.86 c −68.7 d 

Explanation: (−) = decrease (+) = increase. 

*Data is the average of % change for each rat. Numbers followed by different letters on the same line indicate there is a significant difference (α = 0.05).  

 

 This study strengthens the evidence of the 

hypolipidemic properties of MOLP. Most studies on this 

property used MO leaf extract such as reported by Chen 

et al. [8] who used ethanolic extract and examined the 

hypocholesterolemic property through pancreatic lipase 

inhibition assay and cell line for biochemical lipid 

metabolism analysis.  The study by Ezzat et al. [25] 

revealed the hypocholesterolemic property of ethanolic 

MO leaf extract in obese rats indicated by a significant 

reduction of TC and LDL-c.  This extract also showed 

HMG-CoA reductase inhibition.  The study by Jain et 

al. [41] showed that the methanolic MO leaf extract 

administration along with hyperlipidemic diet for 30 

days lowered the blood serum levels of TC, TG, LDL-c, 

VLDL-c, and atherogenic index.  This hypolipidemic 

properties were attributed to the increase in fecal 

cholesterol excretion.  More specifically, Reddy et al. 

[12] indicated the hypocholesterolemic activity of 

polyphenol extract of MO leaves through HMG-CoA 

reductase inhibition and fecal bile acid-binding.  

 Limited in vivo studies explored the MOLP 

administration to improve blood serum lipid profile. 

Helmy et al. [20] compared the MOLP and MO leaf 

extract to lower cholesterol in high- fat diet rats. The 

results showed that feeding MOLP at 0.74% and 

administration of dry MO leaf extract of 400 mg/kg 

bw/day inhibited the elevation of TC, TG, LDL-c, and 

malondialdehyde as the marker of oxidative stress. Jain 

et al. [37] evaluated the formulated MOLP at 100 and 

200 mg/100 g bw doses for 28 days and found a 

significant  TC decrease. Ariestiningsih et al. [49] 

showed that MOLP feeding at 500 mg/kg bw to 

prediabetic rats for weeks improved lipid profiles and 

reduced aortic thickness. Khan et al. [50] showed that 

MOLP force-fed into rabbits for 45 days improved the 

lipid profile. No studies reported a comparison of 

MOLP from different varieties on the lipid profile 

improvements.  

 MOLP have more advantages than MO leaf 

extract in modulating lipid profile because the powder 

composition might also affect lipid profile 

improvements, besides bioactive compounds.  Fidyasari 

et al. [22] showed that MOLP from different leaf stalk 

colors had soluble dietary fiber of 9.54-11.61% and 

insoluble was 0.23-0.36%.  Dietary fiber, mainly soluble 

fiber, possibly improves lipid profile by inhibiting lipid 

absorption and short-chain fatty acid production.  Yang 

et al. [51] showed that MO leaf polysaccharide 

consisted of arabinose, rhamnose, galactose, and 

galacturonic acid and revealed strong effects on bile 
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acid-binding and cholesterol micelle solubility 

inhibition thus reducing lipid digestion and absorption. 

 Fatty acids of MOLP are dominated by 

unsaturated fatty acids, and the predominant are linoleic 

and α linolenic acids for all MOLP from different leaf 

stalk colors.  The fat content of MOLP is 3.81-4.04% 

[22].  Both fatty acids might also improve the lipid 

profile.  A randomized trial by Nuotio et al.  [53] showed 

that diets enriched with α linolenic or linoleic acids 

decreased serum lipoprotein(a) concentration by 7–

10%, with a pronounced effect shown by alpha-linolenic 

acid. Dietary intervention with α linolenic acid 

improved lipid profiles by decreasing TC, TG, LDL-c, 

and VLDL-c levels [52]. 

 Table 2 shows that the MOLP increased fecal 

cholesterol concentration indicating inhibition of 

cholesterol absorption by this powder.  The fiber in the 

MOLP might be responsible for this inhibition.  The 

soluble fiber can form a weak gel in the gastrointestinal 

track and entrap nutrition including fats and cholesterol 

thus hindering their absorption [53]. Yang et al. [51] 

postulated the role of MO leaf polysaccharides in the 

hypolipemic mechanism by binding bile acids through 

hydrogen bonds and hydrophobic interaction thus 

regulating cholesterol metabolism. Other hypotheses 

were bile acid binding or matrix/barrier formation to 

entrap bile acid micelles, and inhibition of cholesterol 

solubility in the micelle thus reducing its absorption. 

Dietary fiber of MO leaves were fermentable in vitro 

and produced short chain fatty acids, with the 

predominant propionic acid which was able to inhibit 

cholesterol synthesis [54].  

 The leaf stalk colors significantly affected 

(p<0.05) the changes of TC, TG, LDL-c, and HDL-c 

levels, in which HDL-c levels increased and TC, TG, 

and LDL-c decreased. These changes were comparable 

to a simvastatin-treated group, but the 

hypocholesterolemic group without MOLP treatment 

exhibited a contradictory phenomenon. The highest 

increase in HDL-c level was observed in MOLP with 

red leaf stalk and sequentially followed by green and 

white. In accordance, the highest decreases in TG, TC, 

and LDL-c levels are found in MOLP with red leaf stalk, 

followed in sequence by green and white. 

 The extracts of MO leaves have been studied 

widely and contains bioactive compounds responsible 

for lowering blood cholesterol levels.  MOLP with 

different leaf stalk colors had a slightly different amount 

of total phenolic (TPC) and flavonoid content (TFC).  

The highest TPC and TFC were found in the MOLP 

from the red leaf stalk, and the lowest were reported in 

the MOLP from while leaf stalk [22].  Chen et al. [56] 

reported the bioactive playing the role for hypolipidemic 

properties were flavonoid glycosides of quercetin and 

kaempferol mono-glycoside. Kaempferol also has the 

ability to bind HMG-CoA reductase [57]. 

 The highest dietary fiber was found in the MOLP 

with red leaf stalk, followed by green and white [22].  

The fiber content in the MOLP contributed to the lipid 

profile improvement thus the best lipid profile repair 

was found in the rat group fed by MOLP from the red 

leaf stalk, followed by green and white.  This fiber 

seemed to inhibit cholesterol absorption indicated by 

fecal cholesterol concentration with the highest in the 

feces from group of rats fed by MOLP with red leaf 

stalk, followed by MOLP with green and white leaf 

stalk. 

 The occurrence of linoleic and α linolenic acids in 

the MOLP might be attributed to the lipid profile 

improvement.  The highest linoleic acid was found in 

the MOLP from red leaf stalk followed by green and 

white.  Meanwhile, the highest α linolenic acid was 

found in the MOLP with green leaf stalk, followed by 

white and red.  Thie contribution of fatty acids might not 

as high as the dietary fiber because their content was 

lower.   

 MOLP with different colors have different 

bioactive compound profile.  All extracts, except 

ethanol extract of MOLP from red leaf stalk, contained 

chlorogenic acid (Table S1). Chlorogenic acid was 

found to reduce TC and TG levels in plasma of obese 

rats (rats fed a high-fat diet), thus showing anti-

dyslipidemic activity [5]. Phenolic compounds reduce 

the atherogenic index, blood serum cholesterol levels, 

LDL-c, triglycerides, and VLDL = c, and increase HDL-

c in hyperlipidemic rats [58].  

 Phytosterols are plant sterols that have a chemical 

structure similar to cholesterol. They work by 

competitively inhibiting cholesterol absorption, thereby 

lowering TC and LDL-c levels [21]. β-Sitosterol inhibits 

cholesterol absorption. Once phytosterols enter and are 

carried by enterocytes, phytosterol absorption is 

inhibited by the activity of efflux transporters, which 

contain a pair of ATP-binding proteins (ABC) secretes 
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phytosterols and small amounts of cholesterol back into 

the intestinal lumen [59]. Plant sterols reduces 

absorption of cholesterol from gut by competing for 

limited space for cholesterol in mixed micelles and 

thereby lower serum concentration of cholesterol, 

despite compensatory increase in cholesterol synthesis 

in liver and other tissues.  

 Quercetin, another compound found in the MOLP 

extracts (Table S1), reduces cholesterol esterase activity 

[58].  Meanwhile, kaempferol induced the LDLR gene 

expression thus reducing atherosclerosis risk [43]. Other 

main typical phytochemicals founds in the extract 

(Table S1) that responsible for hypolipidemic properties 

of MO are niazirinin, niaziminin A, and niaziminin B 

[60]. The MOLP extracts also had glucosinolates, which 

in the gut were broken down into isothyocianate and this 

compound reduced LDL-c [61].    

 Interestingly, the group of rats fed by MOLP with 

white leaf stalk exhibited lower lipid profile 

improvement than those from MOLP with red and green 

leaf stalk. Table 1 shows that the amount of formulated 

MOLP was the highest quantity in the feed from MOLP 

with white leaf stalk.  The different amounts of MOLP 

with red, green, and white leaf stalk were due to iso-

protein and iso-calorie feed formulation. This fact 

indicated that not only quantity affected the lipid profile 

improvement but also the composition of MOLP and 

their bioactive compounds. 

 The ability of MOLP with different colors to 

inhibit HMG-CoA reductase and pancreatic lipase 

evaluated by their extract showed that the highest HMG-

CoA reductase inhibition activity was the extract from 

MOLP with white leaf stalk, followed by red and green.  

Meanwhile, the highest lipase inhibition activity was 

exhibited by MOLP with red leaf stalk, followed by 

white and green leaf stalk.  MOLP with red leaf stalk 

showed the best lipid profile improvement but did not 

exhibit the highest HMG-CoA reductase activity.  This 

fact indicates that the mechanism of lipid profile 

improvement by MOLP comes from many factors, not 

only enzyme inhibitions, but also the role of dietary 

fiber, bioactive compounds, and fatty acid composition. 

 

Conclusions 

 This study proves that the MOLP is more 

comprehensive in improving blood lipid profile than the 

extracts due to the synergistic effects of its components 

such as fiber, fatty acids, and bioactive compounds. 

Different leaf stalk colors showed different abilities to 

inhibit HMG-CoA reductase and pancreatic lipase 

activities. The ability to inhibit pancreatic lipase activity 

gives an insight for the potential of MOLP as anti-

obesity food ingredient. The ability to improve lipid 

profile in in vivo experiment revealed that the MOLP 

form the red leaf stalk is the best followed by white and 

green ones.  The variability of phytochemicals in the 

extract is not well correlated to HMG-CoA and 

pancreatic lipase inhibitory activities, indicating that the 

concentrations of phytochemicals have a contribution. 

MOLP from different leaf stalk colors showed different 

HMG-CoA reducatse and pancreatic lipase inhibitory 

activities and lipid profile improvement, meaning that 

the stalk colors should be considered in preparing 

MOLP as functional food ingredient especially for 

cholesterol-lowering food products.   
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Supplementary Materials 

 

Table S1 Phytochemicals of extracts of MOLP from different leaf stalk colors and extraction solvents. 

 

Phytochemical  

classes 
Compounds 

Red White Green 

Water Ethanol Water Ethanol Ethyl acetate Ethanol 

Organic acids 

Succinic acid v v v v v v 

Fumaric acid v v v v v v 

p-Coumaric acid v v v v v v 

Total Identified Compounds 3 3 3 3 3 3 

Phenolic acids 

Benzoic acid v v v v v v 

Cinnamic acid v v v v v v 

Vanillic acid v v v v v v 

Gallic acid v v v v v v 

Shikimic acid v v - - v v 

5-O-caffeoyl shikimic acid - v - - v - 

3-p-coumaroyl quinic acid v v - - v v 

Chlorogenic acid v - v v v v 

Caffeic acid v v v v v v 

Ferulic acid v v v v v v 

Total Identified Compounds 9 9 7 7 10 9 

Flavonoid 

Apigenin v - v v v v 

Apigenin-7-(6''-p coumaryl 

glucoside) 
v v v v v v 

Apigenin-7-[rhamnosyl (1→2) 

galacturonide] 
v v v v v v 

Apigenin-7-glucoside-4'-trans 

caffeate 
v v - v v v 

Apigenin-7-rhamnoside-4' rutinoside - v - v v v 

Apigenin-7-rutinoside-4'-trans 

caffeate 
- v - v v v 

Epigallocatechin v v - - v v 

Epigallocatechin gallate v v - - v v 

Epigallocatechin-(4β8)-

epigallocatechin-3-O-gallate ester 
- v - v v v 

Naringin v v v v v v 

Naringenin v v v v v v 

Naringenin 7-O-(6''-O-

transcoumaroyl) glucoside 
v - v v v v 

Naringenin 7-O-(6''-O galloyl) 

glucoside 
v v - - v v 

Luteolin v v v v v v 

Luteolin-7-glucoside v  v v v v 

Luteolin-7-O-(6'' malonyl glucoside) v v v v v v 
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Phytochemical  

classes 
Compounds 

Red White Green 

Water Ethanol Water Ethanol Ethyl acetate Ethanol 

Luteolin-7-apiosyl (1→2) glucoside v v v v v v 

Luteolin-3'-methyl ether-7 apiosyl 

(1→2) glucoside 
v v v v v v 

Kaempferol v v v v v v 

Kaempferol-3-rhamnoside v v v v v v 

Kaempferol-3-O-glucoside v v v v v v 

Kaempferol-3-O-(6" malonyl 

glucoside) 
v v v v v v 

Kaempferol 3 neo hesperidoside v v v v v v 

Kaempferol 3-O-rutinoside v v v v v v 

Kaempferol 3-O-robinobioside v v v v v v 

Kaempferol-3-(6'' caffeoylglucoside) v v - v v v 

Kaempferol 3-(6G malonyl neo 

hesperidoside) 
- v - v v v 

Kaempferol-3-glucoside-2'' 

rhamnoside-7-rhamnoside 
- v - v v v 

Kaempferol 3-glucosyl-(1→2) 

[glucosyl-(1→3)-rhamnoside] 
- v - v v v 

Dihydro kaempferol v v v v v v 

Quercetin v v v v v v 

Quercetin-3-O-glucoside v v v v v v 

Quercetin-3-O-(6" malonyl 

glucoside) 
v v v v v v 

Quercetin-3-(3''-p coumaryl 

glucoside) 
v v - v v v 

Quercetin-3-gentiobioside - - - v v v 

Quercetin 3-O neo hesperidoside v v - v v v 

Quercetin 3-glucosyl-(1→2) 

rhamnoside-7-glucoside 
- v - v v v 

Quercetin 3-(6''-

malonylneohesperidoside) 
- v - - v v 

Quercetin 3-arabinoside v - v v v v 

Quercetin 3-O-rhamnoside v - - v v v 

Quercetin 3-glucoside—7-

rhamnoside 
- v - v v v 

Quercetin-3,7,4”triglucoside - v - v v v 

5,2',3'-Trihydroxy-7 methoxy 

flavanone 
v v v v v v 

3,5,3'-Trihydroxy-7,2' di methoxy 

flavanone 
v v v v v v 

5,2',3'-Trihydroxy-6,7 methylene 

dioxy flavanone 
v - - - v v 
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Phytochemical  

classes 
Compounds 

Red White Green 

Water Ethanol Water Ethanol Ethyl acetate Ethanol 

2',5-Dihydroxy-6,7 methylene dioxy 

isoflavone 
v v v v v v 

2'-Hydroxy-5-methoxy-6,7 

methylene dioxy isoflavone 
v - v v v v 

5,6,7,4'-Tetrahydroxy-8 methoxy 

isoflavone 
v v v v v v 

5,3',4',5'-Tetramethoxy-6,7 

methylene dioxy isoflavone 
v v v v v v 

5,7,4'-Trihydroxy-6 methoxy 

isoflavone 4'-O-(6'' glucosyl 

glucoside) 

- - - - v v 

5,7,4'-Trihydroxy-6,3' dimethoxy 

isoflavone 7-O-(6'' glucosyl 

glucoside) 

- v - v v v 

Rutin v v v v v v 

Coumestrol - v - - v v 

8-Methoxy coumestrol - v - v v v 

9-O-methyl coumestrol - v - v v v 

Formononetin v v v v v v 

Biochanin A v - v v v v 

Biochanin A-7-O-β-D glucoside-6"-

O-malonate 
v v v v v v 

Ellagic acid v v v v v v 

Sinapic acid v v v v v v 

 Vitexin v v v v v v 

 Total Identified Compounds 45 51 36 54 62 62 

Glucosinolates 

Glucoputranjivin v - - - v v 

Glucocochlearin v - - - v v 

Glucoconringiin v v v v v v 

Niazirinin v v v v v v 

Niaziminin B v v v v v v 

Niazirin v v v v v v 

Total Identified Compounds 6 4 4 4 6 6 

Coumarins and 

furanocoumarin 

Esculetin v v v v v v 

Total Identified Compounds 1 1 1 1 1 1 

Alkaloids 

Marumoside A v v v v v v 

Marumoside B v - v v v v 

Total Identified Compounds 2 1 2 2 2 2 

Sterol 

β-Sitosterol - v - v v v 

Campesterol - v - v v v 

Total Identified Compounds 0 2 0 2 2 2 

Others Benzyl β-D glucopyranoside - - - - v - 
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Phytochemical  

classes 
Compounds 

Red White Green 

Water Ethanol Water Ethanol Ethyl acetate Ethanol 

5-[(1S,2R,3R)-6,7-Dimethoxy 2,3-

bis(methoxymethyl) 1,2,3,4-

tetrahydronaphthalen 1-yl]-1,3-

benzodioxole 

- - - - v - 

5-Hydroxy-7-(4-hydroxy-3,5 

dimethoxyphenyl)-1-(4 hydroxy-3-

methoxyphenyl)-3 heptanone 

- - - v - - 

Hinokinin v - - v v v 

2-(3,4-Dihydroxyphenyl)-5,7 

dihydroxy-3 [(2S,3S,4R,5R,6S)-3,4,5 

Trihydroxy-6-methyloxan-2 

yl]oxychromen-4-one 

- - - v v - 

Benzyl-6-O-β-D-xylopyranosyl β-D-

glucopyranoside 
v - v v v v 

6,9-Dihydroxy-2,3,10 Trimethoxy-

6a,12a didehydrorotenone 9-O 

glucoside 

v v - - v v 

[(1R,19S,21S,22S,23S) 

6,7,8,11,12,13,22,23 Octahydroxy-

3,16-dioxo 2,17,20 

trioxatetracyclo[17.3.1.04,9.01 

0,15]tricosa-4,6,8,10,12,14 Hexaen-

21-yl] 3,4,5 trihydroxybenzoate 

 

- 
v - v v v 

[(1S,19R,21S,22R,23R) 

6,7,8,11,12,13,23 Heptahydroxy-

3,16-dioxo-21 (3,4,5-

trihydroxybenzoyl)oxy 2,17,20 

trioxatetracyclo[17.3.1.04,9.01 

0,15]tricosa-4,6,8,10,12,14 hexaen-

22-yl] 3,4,5 trihydroxybenzoate 

 

- 

 

- - - - v 

[(2S,3S,5R)-4-(Acetoxymethyl) 5-

[(2R,3R,4S,5S,6R)-3,5 diacetoxy-6-

(acetoxymethyl) 4-hydroxy-

tetrahydropyran-2 yl]oxy-3-hydroxy-

4-[(E)-3 phenylprop-2-enoyl]oxy 

tetrahydrofuran-2-yl]methyl (E)-3-

phenylprop-2-enoate 

 

- 
v - - v v 

6,10b-Methano-10bH-furo[2,3 

c]pyrrolo[1,2-a]azepin-2(6H) one, 

8,9,10,10a-Tetrahydro 

 

v 
v v v v v 

5,7-Dimethoxycoumarin v v v v v v 

Formononetin - - v v v - 

2',4'-Dihydroxy-6'-methoxy 3',5'-

dimethylchalcone 
v v v v v v 
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Phytochemical  

classes 
Compounds 

Red White Green 

Water Ethanol Water Ethanol Ethyl acetate Ethanol 

Hinokinin - - v - - - 

Calycosin-7-O-β-D-glucoside v - v v v v 

6,9-Dihydroxy-2,3,10 trimethoxy-

6a,12a didehydrorotenone 9-O 

glucoside 

- - v v - - 

(2S)-5,7,3',4' Tetrahydroxyflavanone 

7-(6-p coumaroylglucoside) 
v v v v v v 

3-[(6-Deoxy-2-O-β-D 

glucopyranosyl-α-L 

mannopyranosyl)oxy]-2-(3,4 

dihydroxyphenyl)-7-(β-D 

glucopyranosyloxy)-5 hydroxy-4H-1-

benzopyran-4 one 

- - - v v v 

3,5-Diacetoxy-1-(4-hydroxy 3,5-

dimethoxyphenyl)-7-(4 hydroxy-3 

methoxyphenyl)heptane 

- - - v - - 

Meso-3,5-diacetoxy-1,7-bis(4 

hydroxy-3 methoxyphenyl)heptane 
- - - v - - 

[3-(Acetyloxymethyl)-2-(1,3 

benzodioxol-5-ylmethyl)-4 (3,4-

dimethoxyphenyl)butyl] acetate 

- - - v v v 

(3S,5S)-3,5-Diacetoxy-1,7 bis(3,4 

dihydroxyphenyl)heptane 
- - - v v  

5-[(1S,2R,3R)-6,7-Dimethoxy 2,3-

bis(methoxymethyl) 1,2,3,4-

tetrahydronaphthalen 1-yl]-1,3-

benzodioxole 

- - - v - - 

8(17),12-Labdadiene-15,16-dial - - - - v - 

[1,7-Bis(4-hydroxy-3 

methoxyphenyl)hepten-3-one] 
- - - - v v 

3-Hydroxy-4'-methoxyflavone - - - v v - 

Methyl salicylate v v v v v v 

4-Hydroxymellein v - v v v v 

4-Hydroxybenzaldehyde - v - - v v 

Limonene - v - - v v 

Sabinene - - - - v - 

Fenchone - v - - - v 

Linalool - v - - v v 

Methyl cinnamate - v - - v v 

β-Chamigrene - v - - v v 

β-Selinene - v - - v v 

β-Myrcene - - - - v - 

α-Humulene - v - - v v 
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Phytochemical  

classes 
Compounds 

Red White Green 

Water Ethanol Water Ethanol Ethyl acetate Ethanol 

α-Thujene - - - - v - 

Sesquiphellandrene - v - - - v 

Epizonarene - v - - - v 

Spathulenol - v - - v v 

5-O-Caffeoylshikimic acid v v - - - v 

3-O-Galloylepigallocatechin (4β→8) 

epigallocatechin-3-O gallate 
- v - - - - 

Hyperoside v - - - v v 

Betulinic acid - - - v v v 

Lupeol - - - v v v 

Borneol - - - - v - 

β-Amyrin - - - v v v 

3-Friedelanone - - - v v v 

(+)-Lirioresinol B - - - v v v 

p-Cymene - - - - v - 

α-Pinene - - - - v - 

Fenchone - - - - v - 

Borneol acetate - - - - v - 

α-Farnesene - - - - v - 

β-Bisabolene - - - - v - 

Allo aromadendrene - - - - v - 

Sesquiphellandrene - - - - v - 

Epizonarene - - - - v - 

α-Santalene - - - - v - 

Lutein - - - - v - 

Total Identified Compounds 13 21 11 27 52 34 

Vitamin B 

Niacin (B3) v v v - - v 

Thiamine (B1) v v - - - v 

Pyridoxine (B6) v v v - - v 

Pantothenic acid (B5) v v v - - v 

Riboflavin (B12) v - v - - v 

Total Compounds 5 4 4 0 0 5 

Total Identified Phytochemicals 85 95 68 100 138 124 

 

 

 

 

 

 

 

 


