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Abstract: Moringa oleifera, the Miracle Tree is rich in all nutrients and minerals. It has prominent distribution of secondary 

metabolites like polysaccharides, phenols and mucilage, which makes extraction of RNA quite difficult. A high quality and 

pure RNA is prerequisite for the study of high through put transcriptomics and functional genomics. A protocol for isolation of 

highly qualitative and quantitative RNA from M. oleifera was optimized by comparing five different methods like Trizol, 

Guanidine hydrochloride, combined Trizol and Guanidine hydrochloride, modified CTAB and hot phenol method. The 

combined Guanidine hydrochloride and Trizol method gave good yield and pure RNA based on the absorbance A260 value 2.0. 

The model plant Nicotiana tabacum served as a positive control in which the Trizol method yielded a good quality and 

quantity RNA. The present study is a preliminary step for studying the function and expression pattern of the genes. This is the 

first report on the comparison of different RNA extraction methods in M. oleifera to our knowledge.  
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1. Introduction 

Moringa oleifera commonly known as the drumstick or 

ben oil tree is nutritious and the leaves are rich source of 

vitamin A, B, C and iron. It is locally known as sajna, 

muringa, mullanggay, etc. It is a cultivated species of 

monogeneric family, Moringaceae. It is grown mainly in 

semiarid, tropical and subtropical areas. Being a fast growing 

tree, it grows best in dry, sandy soil, and tolerates poor soil 

[9]. It is native to the sub-himalayan tracts of north western 

India and are spread in eastward India to the lower part of 

china, South East Asia and the Philippines. They are spread 

westward from India to Egypt, the horn of Africa, around to 

the Mediterranean and West Indies in America. M. oleifera is 

first described as a medicinal herb around 2000 BC ago. It is 

very nutritious and has a variety of potential uses [21]. There 

exists number of reports highlighting the nutritional qualities 

of Moringa. The fresh leaves of M. oleifera contains 7 times 

more of vitamin C than oranges, 4 times more vitamin A and 

calcium than carrot and milk, 3 times more amount of 

potassium of bananas, 2 times protein of yogurt and ¾ times 

iron of spinach. The leaves are enriched with micronutrients 

like phosphorus, zinc, copper, magnesium, etc. [7]. The dried 

leaves are characterized with high nutritional content 

compared to fresh leaves as it is 10 times more vitamin A of 

carrots, ½ the vitamin C of oranges, 17 times the calcium of 

milk, 15 times the potassium of bananas, 9 times the protein 

of yogurt and 25 times the iron of spinach [6]. The flowers, 

leaves, roots and bark are used as folk remedies for tumors, 

abdominal discomfort, boils, conjunctivitis, high blood 

pressure, hysteria and skin disease [8]. M. oleifera is a 

promising food source especially for its nutrient and mineral 

rich during the dry season when other foods are typically 

scarce [5]. M. oleifera is not nitrogen fixing tree, but its 

fruits, flowers and leaves contain 5 to 10% proteins on 

average [4]. 

The genome size of Moringa was estimated to be 315 Mb 

and a well annotated high-quality draft genome sequence has 

been reported [20]. Moringa possesses a compact genome 

and a number of gene families related to heat tolerance, stress 

tolerance, high protein content, fast-growth, etc. have been 
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identified. Further, the role of micro RNAs from Moringa 

that might contribute to medicinal properties was studied 

[19]. There is paucity of information available about the 

transcriptomics and almost completely absent regarding the 

functional genomics aspects in Moringa. As a result there is a 

prerequisite for high quality RNA for the functional 

characterization of those genes and high throughput 

transcriptomics.  

Nucleic acid extraction from plants is diverse and varies 

among individual plant species. Isolation and purification of 

RNA from some of the plant species may be problematic due 

to the presence of highly viscous polysaccharides and 

secondary metabolites like phenols. The presence of 

polyphenols, which are powerful oxidizing agents can reduce 

the yield and purity of nucleic acid [13, 16]. It has also been 

observed that phenolic compounds are readily oxidized to 

form covalently linked quinones [13]. Polyvinylpyrrolidone 

(PVP) plays a role in removing phenolic compounds and 

secondary metabolites during nucleic acid preparations [2] 

and it also prevents browning effect caused due to 

polyphenols. PVP can strongly bind to the polyphenol 

compounds by its CO-N=group [22]. RNA isolation from 

plants like Arabidopsis, tobacco, tomato, potato or maize is 

usually achieved by classical phenol/lithium chloride method 

and/or guanidine based methods [3, 17, 18]. RNA extraction 

from leaves and stem of spinach was done by lithium 

chloride method, where the leaves yield good RNA than stem 

[14]. Extraction methods also depend on the stages of plant 

tissues. In Arabidopsis thaliana, RNA extraction from young 

leaves was done by two different methods (trizol and 

phenol:chloroform - lithium chloride method) where the later 

gave high quality of RNA [1]. 

Our main objective is to obtain a good quality and quantity 

of RNA for the functional genomics detailed transcriptomics 

in M. oleifera. We compared five different methods of RNA 

extraction from the leaves of M. oleifera (trizol, guanidine 

hydrochloride, guanidine hydrochloride with trizol, modified 

CTAB and hot phenol). The yield and purity of RNA was 

evaluated using spectrophotometer, integrity by gel 

electrophoresis and finally confirmed by RT-PCR analyses. 

2. Materials and Methods 

2.1. Plant Material 

The leaves of field grown Moringa oleifera var. PKM 1 

was taken for RNA analyses. Five different methods were 

deployed for RNA extraction and evaluated. 

a. TRIzol method 

RNA extraction by Trizol method was performed as per 

manufacturer’s instruction (TRI reagent SIGMA-ALDRICH, 

USA). One gram of plant tissue (leaf) was ground into fine 

powder with the help of liquid nitrogen and transferred into 

15 ml polypropylene tubes. The powder is then resuspended 

in 5 ml of trizol reagent and mixed by vortexing for 30 sec 

followed by the addition of 1/5
th

 volume of chloroform. The 

tube was vortexed approximately for 20 sec and incubated in 

room temperature for 15 min. The contents were centrifuged 

at 12,000 rpm for 15 min at 4 °C in order to separate DNA 

and proteins. The supernatant with RNA phase was 

transferred into a fresh tube and added equal amount of ice 

cold isopropanol. The tubes were kept at room temperature 

for 10 min for precipitation and centrifuged at 12,000 rpm for 

30 min at 4 °C. After the precipitation of RNA the 

supernatant was discarded and the pellet was washed with 

75% ethanol. Finally the pellet was vacuum dried and 

dissolved in 20 µl of sterile DEPC water (preheated at 65 °C) 

and stored at -80 °C until use. 

b. Guanidine hydrochloride with TRIzol method 

One gram of leaf tissue was homogenized preliminarily 

using liquid nitrogen and later with 5 ml of guanidine 

hydrochloride buffer [6.5 M guanidine hydrochloride, 100 

mM Tris-Cl (pH 8.0), 100 mM sodium acetate (pH 5.5), and 

0.1 M β- mercaptoethanol (added after sterilization)]. Then 

the slurry was transferred to the centrifuge tube, mixed 

vigorously and incubated at room temperature for 10 min 

undisturbed. The samples were centrifuged at 12,000 rpm for 

10 min at 4 °C. To the supernatant 5 ml of trizol reagent and 

2 ml of chloroform were added. The tube was incubated at 

room temperature for 2 min, and centrifuged at 12,000 rpm 

for 10 min at 4 °C. The aqueous phase was taken carefully 

and transferred to fresh tube. Ice cold isopropanol was added 

in 1:1 ratio to the above and incubated in ice for 30 min 

followed by centrifugation at 12,000 rpm for 20 min at 4 °C. 

The supernatant was discarded and the pellet was washed 

using 5 ml of 75% ethanol, centrifuged at 12,000 rpm for 5 

min at 4 °C. The pellet was vacuum dried and dissolved in 20 

µl of sterile DEPC water (preheated at 65 °C) and stored at -

80 °C until use. 

c. Modified CTAB method 

The isolation of RNA was performed using CTAB method 

with some modifications. One gram of plant tissue was 

ground with liquid nitrogen into fine powder. Approximately, 

200 mg of leaf powder was taken in a 2 ml eppendorf tube 

followed by addition of 1 ml of 2% CTAB buffer [2% CTAB, 

100 mM Tris-Cl (pH 8.0), 1.4 M NaCl, 2% PVP, 20 mM 

EDTA (pH 8.0), β- mercaptoethanol (added after 

sterilization)], mixed for 30 sec and incubated at 65 °C for 30 

min. The contents of the tubes were inverted 4-5 times in 

between the incubation. After incubation, 800 µl of 

chloroform was added and mixed properly. Then the samples 

were centrifuged at 10,000 rpm for 10 min at 4 °C. To the 

aqueous phase, 800 µl of TE saturated phenol was added, 

mixed for 30 sec and centrifuged at 10,000 rpm for 10 min at 

4 °C. Again to the supernatant, added equal volume of 

chloroform: isoamyl alcohol (24:1) mixed for 30 sec and 

centrifuged at 10,000 rpm for 10 min at 4 °C. The 

supernatant along with 1/3 volume of 8 M LiCl2 was kept at 

4 °C overnight for precipitation of RNA. The samples were 

then centrifuged at 10,000 rpm for 20 min 4 °C and the pellet 

was washed with 95% ethanol and then with 75% ethanol by 

centrifuging at 10,000 rpm for 5 min at 4 °C. The pellet was 

air dried and dissolved in 20 µl of sterile DEPC water 

(preheated at 65 °C) and stored at -80 °C until use. 
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d. Hot phenol method 

RNA extraction by hot phenol method was performed 

according to the method of Pawlowski et al. [15]. One gram 

of leaf tissue was ground into fine powder using liquid 

nitrogen and transferred to the eppendorf tubes. Added 500 

µl of preheated (90 °C) RNA extraction buffer (100 mM 

lithium chloride, 1% SDS, 100 mM Tris-Cl, pH 9.0, 100 mM 

EDTA) to the powder mixed and incubated at 65 °C water 

bath for 30 min. The contents of the tubes were inverted 3-4 

times once in every 10 min. Added 500 µl of Tris EDTA 

saturated phenol, mixed and centrifuged at 12,000 rpm for 10 

min at room temperature. The upper liquid layer was 

transferred to the fresh tube, to which equal volume of 

chloroform: isoamyl alcohol (24:1) was added, mixed and 

centrifuged at 10,000 rpm for 5 min at room temperature 

(performed twice). The upper liquid layer was transferred to 

a fresh tube and 8 M LiCl2 was added to achieve a final 

concentration to 2 M LiCl2 followed by overnight 

precipitation at 4 °C. The tubes were centrifuged at 12,000 

rpm for 10 min at 4 °C and the supernatant was discarded. 

The pellet was washed with 75% ethanol, and centrifuged at 

12,000 rpm for 5 min at 4 °C. The pellet was dissolved in 

300 µl of 0.3 M sodium acetate (pH 5.2). Added equal 

volume of chloroform: isoamyl alcohol (24:1) mixed gently 

and centrifuged at 10,000 rpm for 5 min at 4 °C. The upper 

aqueous layer was measured and added 95% ethanol, mixed 

gently and centrifuged at 12,000 rpm for 10 min at 4 °C. 

Finally, the pellet was again washed with 75% ethanol and 

centrifuged at 12,000 rpm for 5 min at 4 °C. The pellet was 

vacuum dried and dissolved in 20 µl of sterile DEPC water 

(preheated at 65 °C) and stored at -80 °C until use. 

e. Guanidine hydrochloride method 

One gram of plant leaf tissue is homogenized in a 

guanidine hydrochloride - buffer containing 6.5 M guanidine 

hydrochloride, 100 mM Tris-Cl (pH 8.0), 100 mM sodium 

acetate (pH 5.5), and 0.1 M β-mercaptoethanol (added after 

sterilization) as described by Logemann et al. [12]. The 

slurry was transferred to the centrifuge tube, mixed 

vigorously and incubated at room temperature for 10 min 

undisturbed. The samples were centrifuged at 12,000 rpm for 

10 min at 4 °C. To the supernatant, 2 ml of chloroform was 

added. The tube was incubated at room temperature for 2 

min, and then centrifuged at 12,000 rpm for 10 min at 4 °C. 

The aqueous phase was taken carefully and transferred to 

fresh tube. Ice cold isopropanol was added in 1:1 ratio to the 

above and incubated in ice for 30 min for precipitation of 

RNA, followed by centrifugation at 12,000 rpm for 20 min at 

4 °C. The supernatant was discarded and the pellet was 

washed using 5 ml of 75% ethanol, centrifuged at 12,000 rpm 

for 5 min at 4 °C. The pellet was air dried and dissolved in 20 

µl of sterile DEPC water (preheated at 65 °C) and stored at -

80 °C until use. 

2.2. RNA Estimation 

The total RNA was estimated by measuring the optical 

density at 260 nm and 280 nm in UV spectrophotometer. The 

RNA sample, 2 µl was mixed in 998 µl of DEPC water, 

estimated and calculated by using the formula: [1 OD at 260 

nm is equal to 40 ng of RNA] [17]. 

Concentration of RNA = 40*A260*500 

The total RNA was loaded on 1.2% formaldehyde agarose 

gel and visualized under UV light to determine the integrity 

of RNA. 

2.3. DNase Treatment 

Total RNA (30 µg) was taken and the reaction volume 

made up to 50 µl with 1 µl of DNase enzyme, 40 µM Tris 

(pH 7.5) 6 mM MgCl2 and DEPC water. The tubes were 

gently tapped and incubated at 37 °C for 30 min. After 

incubation, 200 µl RNase free DEPC water was added. To 

that equal volume of phenol: chloroform (24:1) was added 

and centrifuged at 12,000 rpm for 5 min at 4 °C (repeated 

twice). The supernatant was measured, added 0.1 volume of 

3 M sodium acetate and 2.5 volume 95% ethanol. The 

samples were stored at -70 °C for 30 min and centrifuged at 

4 °C, 12,000 rpm for 10 min. The supernatant was discarded 

and the pellet was washed by 75% ethanol. The pellet was 

vacuum dried and dissolved in 20 µl of sterile DEPC water 

(preheated at 65 °C) and stored at -80 °C until use. 

2.4. RT-PCR Analysis 

Total RNA sample (M. oleifera) after treatment with DNase 

I enzyme was subjected to RT-PCR following the instruction 

manual of two step RT-PCR kit (TaKaRa, Kyoto, Japan). The 

cDNA was synthesized following the manufacturer’s 

instruction. After the cDNA synthesis, 5 µl of sample was 

taken for PCR using actin primers: forward primer 5’ 

GCTATTCAGGCTGTCCTTTCCTTGATATG 3’ and reverse 

primer 5’ CCGATATCAACATCACACTTCATAATG 3’. The 

PCR conditions include initial denaturation at 98 °C for 30 sec, 

followed by 30 cycles [98 °C - 10 sec, 50 °C - 30 sec, 72 °C - 

1 min] and final extension at 72  °C for 5 min. Total RNA 

from Nicotiana tabacum was used as positive control along 

with appropriate PCR controls. The PCR products after 

amplification were electrophoresed on 1.2% agarose gel. 

3. Results and Discussion 

A reliable quality of RNA is essential for downstream 

applications such as RT-PCR, cDNA library construction, 

gene expression studies, high through put transcriptomics etc. 

The quality and quantity of RNA differs based on the method 

of the isolation. Therefore the present study was attempted to 

isolate a high quality and quantity RNA which can be used in 

high through put transcriptomics. 

A comparison study of total RNA extraction from the 

leaves of Moringa oleifera was done by five different 

methods: TRIzol method, guanidine hydrochloride method, 

combination of guanidine hydrochloride and TRIzol method, 

CTAB method with some modifications and hot phenol 

method. There were lot of hindrances in obtaining good 

quality of RNA from M. oleifera due to presence of high 

mucilage content and other polysaccharides. The leaves of 
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tissue culture grown wild type Nicotiana tabacum 

(Wisconsin38) served as a positive control for the 

comparison of different methods of RNA extraction. 

The total RNA extracted by five different methods was 

analyzed for their yield, purity and integrity by three different 

steps. The quantity of total RNA was determined by 

measuring the absorbance in UV Spectrophotometer at 260 

nm. The quantity of total RNA was comparable in both trizol 

method and hot phenol method (292.8 and 291.2 µg/g fresh 

weight). The yield of above two methods was higher 

compared to the other three methods. Further the combined 

guanidine hydrochloride and trizol method gave 212.0 µg/g 

FW followed by modified CTAB method and guanidine 

hydrochloride method (Table 1). The isolation of RNA was 

difficult in plants containing polysaccharide, polyphenols and 

mucilage. Plants like Hibiscus tiliaceus [23], Cinnamomum 

tenuipilum [24] contains high polysaccharides, mucilages and 

other secondary metabolites. RNA isolation from these plants 

was performed by modified CTAB method. C. tenuipilum is 

highly viscous and RNA extraction was successful by trizol 

kit based method, Guanidine thiocyanate method and 

Phenol/SDS method. The yield of RNA in C. tenuipilum was 

20 µg/g but when tried with CTAB method with some 

modification in centrifugation step the yield was 60-100 

µg/g. Similar results with increased RNA yield (113.6 µg/g) 

was obtained in our modified CTAB method of extraction too 

(Table 1).the addition of 2% PVP and 2% PVPP together also 

contributed for increased quality and quantity of RNA in the 

above method while it is lesser in trizol, hot phenol and 

combined trizol and GnHCl methods [23].  

The quality of RNA was analyzed spectrophotometrically 

by evaluating the A260/A280 ratio. The value range of 1.8 - 2.0 

indicates the purity of isolated RNA. The combined GnHCl 

and trizol, hot phenol, modified CTAB and trizol methods 

gave a similar absorbance value as 1.6 - 1.7. N. tabacum 

served as a positive control and gave highest quality of RNA 

in trizol method compared to other methods of extraction 

(Table 1). 

The RNA integrity was analyzed electrophoretically by 

loading 5 µg of total RNA on to a 1.2% denaturing agarose 

gel and electrophoresed. The RNA was visualized by staining 

with ethidium bromide and observed under UV 

transilluminator. All the four methods except guanidine 

hydrochloride method showed good quality of bands which 

revealed that the integrity of RNA is high in all the four 

methods in terms of purity and quantity (Fig. 1).  

DNase treatment was done to get rid of the trace amounts 

of DNA. The purest RNA was achieved by combined 

guanidine hydrochloride with trizol method with absorbance 

value 2.0. The trizol method gave high quantity of total RNA 

(20 µg) with low purity. Both modified CTAB method and 

hot phenol method yielded high amount of RNA (18 µg and 

16 µg) and similar purity in accordance with trizol method. 

The least quality and quantity of RNA was achieved in 

guanidine hydrochloride method whose purity was 1.3 only 

(Table 2). One possible reason for poor quality or no bands 

visualized in the guanidine hydrochloride method (Fig. 1) 

may be due to the least purity of RNA with a ratio of 1 (Table 

2). 

Finally the cDNA was synthesized from the total RNA and 

RT-PCR was performed using the tobacco actin primer that 

yielded an amplified product of 500 bp in size. The RT-PCR 

analysis with actin primer gave intact 500 bp amplification 

(Fig. 2) in all the methods except hot phenol method. RT-

PCR performed with trizol method showed less amplification 

intensity compared to the other methods. The other methods 

such as modified CTAB method, and trizol method did have 

comparable yield after DNase treatment (Table 2). On the 

other hand the RT-PCR results were not comparable to the 

combined method (Fig. 2). Trizol method was proven to be 

the best method for the model plant, N. tabacum. This 

method provided highest yield, pure and well integrated 

RNA compared to all other methods.  

RNA isolation protocols in each plant have to be 

optimized [10]. A high quality and quantity of RNA is 

mandatory for the construction of cDNA library from M. 

oleifera to study the transcriptomics. The RNA extracted by 

combined guanidine hydrochloride and trizol method gave 

high quantity and quality RNA for M. oleifera. The 

thiocyanate salt of guanidine is one of the constituent in 

TRIzol and contributes for better cell disruption and 

denaturation of proteins. The presence of phenol along with 

thiocyanate salt and hydrochloric acid resulted in high quality 

as well as higher quantity of pure RNA from Moringa.  

Guanidine hydrochloride method resulted in poor quantity 

and quality of RNA (Table 1 and 2), even though 

amplification did occur with actin primers in RT-PCR. 

Earlier reports revealed that the total RNA isolation with 

guanidine hydrochloride method resulted in good yield [11, 

12]. On the contrary, guanidine hydrochloride method in our 

study resulted in poor quantity and quality of RNA (Table 1 

and 2), even though amplification did occur with actin 

primers in RT-PCR. 

The hot phenol method of extraction did possess 

hindrances due to the presence of high content of phenols and 

viscosity. Earlier reports revealed that polysaccharides makes 

nucleic acid viscous and the use of PVP in RNA extraction 

buffer would be helpful to remove polyphenols [16]. The 

spectrophotometer estimation of hot phenol method showed 

good quantity and quality RNA compared to all the other 

four methods (Table 1). The RNA isolated by this method 

showed smear like pattern in 1.2% formaldehyde agarose gel 

(Fig. 1), which indicates the degradation of RNA. Further, 

this was confirmed by RT-PCR analyses, as the respective 

lane did not show any amplification (Fig. 2). Therefore the 

above results indicate that hot phenol method may not be a 

suitable method for RNA extraction from M. oleifera.  
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Table 1. Qualitative and Quantitative analysis of total RNA extracted by different methods. 

S. No RNA Extraction method A260/A280 Amount of RNA µg/µl Concentration of RNA µg/g FW 

1 N. tabacum (TRIzol) 1.6379±0.15 9.86±0.0 735.8 

2 M. oleifera (TRIzol) 1.5907±0.03 2.47±0.52 291.2 

3 N. tabacum (GnHcl + TRIzol) 1.8293±0.0 1.2±0.0 221.6 

4 M. oleifera (GnHcl + TRIzol) 1.3196±0.0 0.620±0.0 212.0 

5 N. tabacum (M-CTAB) 1.6277±0.03 2.77±0.26 81.6 

6 M. oleifera (M-CTAB) 1.6084±0.01 3.0±0.22 113.6 

7 N. tabacum (hot phenol) 1.3922±0.26 0.180±0.0 132.8 

8 M. oleifera (hot phenol) 1.6926±0.02 1.42±1.30 292.8 

9 N. tabacum (GnHcl) 1.6916±0.07 1.66±0.36 96.0 

10 M. oleifera (GnHcl) 1.7293±0.10 3.6±0.008 49.6 

The results are the average of three replicates ± SD. SD: Standard Deviation. FW: Fresh weight of leaves. GnHcl: Guanidine hydrochloride; M-CTAB: 

Modified CTAB 

Table 2. Purity and yield of total RNA after DNase treatment extracted in five different methods. 

S. No Methods of RNA Extraction A260/ A280 Amount of RNA µg/µl Amount of RNA after DNase Treatment  

1 N. tabacum (TRIzol) 1.4196 0.380 7.60 µg 

2 M. oleifera (TRIzol) 1.5350 1.020 20.4 µg 

3 N. tabacum (GnHcl + TRIzol) 1.5795 0.680 13.6 µg 

4 M. oleifera (GnHcl + TRIzol) 2.0647 0.620 12.4 µg 

5 N. tabacum (M-CTAB) 1.7727 0.200 4.0 µg 

6 M. oleifera (M-CTAB) 1.5397 0.900 18.0 µg 

7 N. tabacum (hot phenol) 1.5905 0.500 10.0 µg 

8 M. oleifera (hot phenol) 1.5871 0.840 16.8 µg 

9 N. tabacum (GnHcl) 1.5039 1.88 3.76 µg 

10 M. oleifera (GnHcl) 1.3784 0.120 2.40 µg 

GnHCl: Guanidine Hydrochloride; M-CTAB: Modified CTAB 

 

Figure 1. Agarose gel electrophoresis of RNA extracted by five methods. Electrophoretic pattern of total RNA extracted from Moringa oleifera leaves in 

different methods on 1.2% formaldehyde agarose gel and stained with ethidium bromide. Nicotiana tabacum (Positive control for all methods of extraction), 

(a): trizol method, (b): guanidine hydrochloride with trizol method, (c): modified CTAB method, (d): hot phenol method, (e): guanidine hydrochloride method. 
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Figure 2. RT-PCR amplification using Nicotiana tabacum actin primer. The amplification was performed with 100 ng of RNA in all the five methods. 

Nicotiana tabacum, served as a positive control in the comparison study of five different methods also amplified. (a): trizol method, (b): guanidine 

hydrochloride with trizol method, (c): modified CTAB method, (d): hot phenol method, (e): guanidine hydrochloride method. 

4. Conclusion 

A comparative study of RNA extraction by five different 

methods was performed. The guanidine hydrochloride 

combined with trizol gave pure and high amount of RNA. 

This method of RNA extraction is more suitable for any other 

plant like Moringa that possesses high mucilage, phenols and 

polysaccharides. 
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