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Natural surfactants assisted an efficient synthesis of tetrahydro-β-carbolines 
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A R T I C L E  I N F O   
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A B S T R A C T   

An expeditious protocol for the synthesis of structurally diversified β-carboline derivatives has been reported 
using a readily available natural surfactant medium. The synthesis of β-carboline derivatives in good yields under 
optimized conditions was carried out by the reaction of tryptamine with aldehydes in an aqueous extract of 
Acacia Concinna pods. The use of an aqueous medium, ease of purification, good yield and cost-effective reaction 
suggest for bulk scale production β-carboline derivatives.   

Introduction 

Nowadays there are continuous efforts in the development of Green 
chemistry the main focus of which is the replacement of the toxic or 
hazardous and expensive catalysts with the greener alternative. Water 
being safer, non-toxic, inexpensive and accessible is found to be a unique 
medium for conducting organic chemistry reactions[1–6]. Catalyst is the 
soul of organic reactions, hence its design, construction and utility is a 
great challenge before researchers. Numerous reaction transformations 
have been developed including the use of supercritical solvent[7], clays 
[8], enzymes[9], animal bone[10], surfactants[11] etc. as reaction 
medium or catalyst. These materials are found to be convenient to some 
extent for solving certain incredible synthetic issues. Some serious issues 
are occurring by use of catalyst in reaction like environmental hazardous 
nature of the catalyst, expensive, handling problems, use elevated 
temperature etc. To overcome these problems, use natural feedstocks in 
organic synthesis has found to be the best remedy. Nature gives an un
believable collection of biochemicals that can act as biocatalysts for 
conducting organic transformations[12–15]. The natural material like 
soaked Phaseolus Aureus, the plant cell culture of Daucus carota root and 
coconut juice has been effectively used as a catalyst for conducting 
organic reactions[16]. The natural surfactants of Acacia concinna have 
been efficiently used for Knoevenagel condensation reaction[13], acyl
ation of amines[17] and synthesis of aryl-hydrazones[16]. 

β-carbolines are natural products possessing various bioactivities due 
to their extraordinary chemical structure[18–20]. Reserpine (A) is used 
to treat high blood pressure and to treat mental disorder patients[21]. 

(-)-Suaveoline (B) has nutritional and medicinal applications[22,23]. 
Moreover, β-carboline derivatives possesses antimalarial[24], anti
tumor, anti HIV[25] and antibacterial activitites[26], Tadalafil (C) is 
used to treat male sexual function problems[27]. Strictosidine (D) is 
important precursors to medicinally important compounds such as 
anticancer drugs[28]. Kumujian C (D) palys important role as anti- 
inflammatory agent[29]. 6-oxofascaplysin (F) shows weak cytotoxic 
activity[30]. Evodiamine (G) shows anticancer activity[31] (Fig. 1). 

Considering the pharmacological potential of β-carboline core, its 
synthesis using the green chemistry technique is the major concern of 
the present work. Generally, the synthesis of β-carboline is Pictet- 
Spengler reaction tryptamine or tryptophan with carbonyl compound 
in an organic solvent under reflux condition. Trifluoroacetic acid (TFA) 
and hydrochloric acid were found to be appropriate Bronsted acids for 
the synthesis of β-carboline derivatives[32]. The use of strong acids as a 
catalyst and harsh conditions with lacking substrate scope are the major 
disadvantages of reported methods[33]. Recently, molecular iodine and 
TFA/H2O[34–36], zeolites[37,38], microwave irradiation(MWI)[39], 
aqueos molecular iodine in DMSO[40] has been studied to reduce re
action time and to improve yields of the products[41–43]. β-carboline 
derivatives are recently synthesized using diphenylphosphoric acid as a 
catalyst[44]. Pyridyl-phosphine ruthenium(II) catalyzed Pictet-Spengler 
reaction for the synthesize tetrahydro-β-carbolines is also reported[45]. 
Trifluoroacetic anhydride (TFAA) and 1,4-diazabicyclo[2.2.2]octane 
(DABCO) promoted and dimethylacetamide (DMA) medited Pictet- 
Spengler reaction is also reported[46]. Unfortunately, each method re
ported in the literature has disadvantages. Therefore, there is still a need 

* Corresponding authors. 
E-mail addresses: ssgholap2002@gmail.com (S.S. Gholap), vinodkaduv2@gmail.com (V.R. Kadu).  

Contents lists available at ScienceDirect 

Results in Chemistry 

journal homepage: www.sciencedirect.com/journal/results-in-chemistry 

https://doi.org/10.1016/j.rechem.2021.100183 
Received 25 March 2021; Accepted 27 August 2021   

mailto:ssgholap2002@gmail.com
mailto:vinodkaduv2@gmail.com
www.sciencedirect.com/science/journal/22117156
https://www.sciencedirect.com/journal/results-in-chemistry
https://doi.org/10.1016/j.rechem.2021.100183
https://doi.org/10.1016/j.rechem.2021.100183
https://doi.org/10.1016/j.rechem.2021.100183
http://crossmark.crossref.org/dialog/?doi=10.1016/j.rechem.2021.100183&domain=pdf
http://creativecommons.org/licenses/by-nc-nd/4.0/


Results in Chemistry 3 (2021) 100183

2

to develop a more efficient method for the construction of the β-carbo
line core by utilizing natural, renewable and less hazardous reaction. 

Acacia concinna known as Shikakai in India belongs to the family 
Leguminosae. Due to the cleansing activity of Acacia concinna, it has a 
traditional application as shampoo and detergent. The saponins, acacic 
acid present in Acacia concinna fruit which was found to be 10–11.5% 
[47] resulted in the acidic nature of its aqueous extract (pH = 4.1) 
[48,49]. Also wetting and spreading property of surfactant solution 
promoted us to use surfactant type catalytic medium for synthesis of 
β-carboline derivatives. The aqueous extract of Acacia concinna is rich in 
saponins content. Saponins are triglycosides of acacia acid that contain 
glucose, arabinose and xylose as sugar cores[49,50]. Being amphiphilic, 
saponin has an existence of both polar and non-polar part as Glycone 
and Aglycone part respectively. Due to these polar and non-polar parts 
of saponin, reactant molecules solubilize in an aqueous extract of Acacia 
concinna and preceding the chemical reaction to the product side. 

Result and discussion 

To the extension of our current research for the development of novel 
methodologies for the synthesis of essential bioactive molecules 
[51–54], herein we have reported the use of natural surfactant type 
catalyst for the synthesis of tetrahydro-β-carboline derivatives (Scheme 
1). Tetrahydro-β-carboline derivatives were synthesized using aqueous 
extracts of different natural surfactants like Acacia concinna, Balanites 
aegyptiaca, Jatropha, Sapindus mukorossi. Normally, the drastic reaction 
condition (5–6 hrs) is required the synthesis of tetrahydro-β-carbolines. 
To assess the catalytic effect of all the above natural surfactant on the 

rate of reaction and yield of the product we performed a model reaction 
of tryptamine (1) (1 mmol) and benzaldehyde (2) (1 mmol) in 10 mL 
aqueous extract giving product 3a was carried out in respective aqueous 
solutions (Scheme 1). The use of natural surfactants showed variation in 
the rate of reaction and yield of product, results are summarised as in 
Table 1. 

Hence, Acacia Concinna pods are applied effectively for the synthesis 
of tetrahydro-β-carbolines derivatives from tryptamine and benzalde
hyde. The effect of other natural surfactants like Balanites aegyptiaca, 
Jatropha, Sapindus mukorossi for the synthesis of β-carboline derivatives 
has been studied shows less efficiency than Acacia Concinna pods. So for 
the synthesis of β-carboline analogues, aqueous extract of Acacia Con
cinna pods are applied. 

For the optimization of reaction, the reaction of tryptamine (1) (1 
mmol) and benzaldehyde (2) (1 mmol) in 5 mL aqueous extract of Acacia 
concinna pods (10% W/V) was conducted by varying temperature from 
25 to 98 ◦C. It was found that 80% of compound 3a was formed after 5.4 
h at 98 ◦C temperature. The same reaction was conducted in different 
concentrations of aqueous extract of Acacia concinna pods as 20, 30, 40, 
and 50% to study the effect of catalyst concentration on yield. The result 
obtained suggested that 20% of the aqueous extract was adequate to get 
the maximum yield of the product 3a (82%) in 5.2 h. However, an in
crease in the concentration of Acacia concinna pods (30%, 40%, and 
50%) did not show much difference in the yields of the final product 
(Table 1) (see Table 2). 

Similarly, the surface tension of the aqueous extract of Acacia con
cinna pods also plays important role in the determination of the rate of 
reaction. It was found that the addition of surfactant in water reduces 

Fig. 1. Some of the potentially active β-carboline derivatives.  
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the surface tension as compared to water (Table 3). Wetting and 
spreading property of surfactant solution increase reaction rate. The 
surface tension and structure of surfactant affects the wetting and 
spreading property of surfactant solution[55,56]. Hence, several re
actions like photochemical, redox, Diels-Alder, enzymatic reactions are 
found to have an increase in the rate of reactions by use of surfactant 
[57]. In addition, the hydrophobic groups of surfactant are sequestered 
in the micelle core[58], which helps in intimate contact with reacting 
species. 

To assess the catalytic efficacy of the aqueous extract of the Acacia 
concinna pods, a model reaction of tryptamine (1) and benzaldehyde (2) 
was carried out in aqueous solutions of various cationic, anionic, and 
non-ionic surfactants such as sodium dodecyl sulphonic acid (SDS), 
triton X-100, cetyl ammonium bromide (CTAB) and CPB. The results 
obtained suggested that aqueous extract of the Acacia concinna pods was 
an excellent medium for the synthesis of ‘3a’over other commercial 
phase transfer catalysts (Table 4). 

The superiority of the aqueous extract of Acacia concinna pods over 
other surfactants inspired us for further investigation of the present 
method for other aldehydes possessing a wide range of substituent 
(Table 5). The appreciable acidity (pH = 4.1) and surfactant properties of 
the aqueous extract of Acacia concinna increase the rate of reaction. The 
saponins present in aqueous extract accelerate the solubility of reactant 

species. This will result in an increased collision between reactant 
molecules. Due to this reactant molecules are encapsulated into the 
micellar cage which drives the equilibrium to the product side by giving 
out water molecule of the hydrophobic interior of the micelle (Fig. 2) 
[59]. The projected mechanism for the synthesis of the β-carboline de
rivatives can involve the iminium-catalysed formation of N-benzylidene- 
2-(1H-indol-3-yl)ethanamine (I), activation by catalyst and ring closure 
giving a six-member ring (II) (Scheme 2)[60]. 

Conclusion 

In conclusion, a greener methodology mediated by an aqueous so
lution of Acacia concinna pods has been reported for the synthesis of 
tetrahydro-β-carbolines in good to excellent yields via Pictet-Spengler 
reaction. The water as reaction medium, short reaction time, high pu
rity of the products, biocompatible catalyst, mild reaction conditions 
and a simple workup procedure are features of the present method. 

Experimental 

General 

Melting points were recorded on Digital Electro thermal Melting 
point apparatus (VEEGO, VMP-DS) and are uncorrected. The reaction 
monitoring was conducted using Thin Layer Chromatography (TLC) 
using pre-coated Silica gel 60 F254 plates with layer thickness 0.25 nm 
purchased from Merck Ltd. TLC plates and were visualized under ul
traviolet light. 1H NMR was recorded on Varian-NMR mercury 400 MHz 
spectrometer using CDCl3 as a solvent. The chemical shifts values (δ) are 
expressed parts per million (ppm). Acacia concinna pods which were 
purchased from the local market were dried well and seeds were 
removed. The fine powder was obtained of Acacia concinna by using 
mortar and pestle. 

General procedure for the preparation of the catalyst 

A mixture of fine powder of Acacia concinna pods (20 g) in water 
(100 mL) in a 250 mL conical flask was heated at 100 ◦C for 20 min. The 
solid material was separated by filtration and the aqueous extract was 
collected as a brown coloured solution having a concentration 20% w/v. 

Scheme 1. Synthesis of terahydro-β-carboline derivatives.  

Table 1 
Effect of different surfactant systems in the synthesis of tetrahydro-β-carbolines.  

Sr. No. Surfactant system (Conc. 10%w/v) Time of reaction (hr) Yield % 

1 Acacia concinna  5.4 80 
2 Balanites aegyptiaca  6.0 75 
3 Jatropha  5.2 78 
4 Sapindus mukorossi  6.5 70  

Table 2 
Optimization of catalyst concentration.  

Entry Catalyst concentration %(W/V) Time (h) Yield(%)a 

1. 10 5.4 80 
2. 20 5.2 82 
3. 30 5.8 80 
4. 40 5.6 78 
5. 50 5.4 75 
6. Water 12 NRb 

aIsolated yield of 3a. bNo reaction  

Table 3 
Effect of surface tension of surfactant solution on rate of reaction.  

Entry Catalyst concentration %(W/ 
V) 

Surface Tension ‘T’ (dyne/ 
cm) 

Time 
(h) 

1. 50  14.22 5.4 
2. 40  19.14 5.6 
3. 30  33.52 5.8 
4. 20  41.01 5.2 
5. 10  47.21 5.4 
6. Water  66.55 –  

Table 4 
Effect of surfactant for the formation of ‘3a’  

Entry Surfactanta Time (hr) Yield (%)b 

1. None 12 NRc 

2. SDS 6.4 66 
3. Triton X-100 5.6 55 
4. CTAB 6.2 50 
5. CPB 6.4 58 
6. Acacia concinna extract 20% (W/V). 5.2 82 
aReaction condition: Trptamine (1 mmol), benzaldehyde (1 mmol), Acacia concinna 

extract (5 mL), 98 ◦C, bIsolated yield. cNo reaction.  
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Table 5 
Synthesis of tetrahydro-β-Carboline derivatives.  

Entry Aldehyde Product  Time (Hr) Yield (%)a M.P. (oC) M.P. (oC)b 

1. 3a 5.2 82 163–164 162–163[61] 

2. 3b 5 86 205–207 206–207[61] 

3. 3d 5.4 78 202–204 203–204[61] 

4. 3e 5.6 76 168–170 169–170[61] 

5. 3f 4.8 88 196–198 198–199[62] 

6. 3g 5.4 84 185–187 183–188[62] 

7. 3h 5.6 78 166–167 167–168[61] 

8. 3i 5 88 134–136 136–138[63] 

9. 3j 5.6 78 191–193 192–193[63] 

10. 3k 5.8 74 211–213 212–213[63] 

(continued on next page) 
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Table 5 (continued ) 

Entry Aldehyde Product  Time (Hr) Yield (%)a M.P. (oC) M.P. (oC)b 

11. 3l 5.2 80 184–186 185–186[63] 

12. 3m 5.4 78 208–210 209–210[63] 

aIsolated yield. bProducts were confirmed by using physical methods for characterization and by comparison with that of reported in literature  

Fig. 2. Micelle-promoted synthesis of tetrahydro-β-Carboline derivatives.  

Scheme 2. Proposed mechanism for formation of tetrahydro-β-carboline derivatives (3).  
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General procedure for the synthesis of tetrahydro-β-Carbolines 
(3a-m) 

A mixture of tryptamine (1 mmol) and aldehyde (1 mmol) in sur
factantmedium (20%, 5 mL) was stirred at about 60 ◦C temperature for 
specified time (Table 5). After completion of the reaction (as indicated 
by TLC), a separated solid was filtered on Buchner funnel. The obtained 
product was washed with 100 mL cold water. The product is thus freed 
from the aqueous extract and further drying the product affords pure 
tetrahydro-β-carbolines products (3a-m) in good yields. 

Spectral data of representative compound 

1-(4-chlorophenyl)-2,3,4,9-tetrahydro-1H-pyrido[3,4-b]indole 
(3b): Yield: 86%; White solid; MP- 205–207 ◦C, LCMS m/z: 282(M+), 
1HNMR (400 MHz, CDCl3): δ 3.00–3.04(m, 2H), 3.79–3.87(m, 2H), 
6.95–6.97(m, 1H), 7.02–7.04(m, 1H), 7.13(br s, 1H), 7.30–7.32(d, 1H), 
7.49–7.51(d, 2H), 7.54–7.56(d, 1H), 7.73–7.75(d, 2H), 8.29(s, 1H), 
10.78 (br s, 1H) ; 13CNMR (100 MHz, CDCl3): δ 23.32, 43.44, 58.16, 
77.67, 78.16, 78.31, 111.24, 111.77, 119.18, 120.36, 122.76, 128.15, 
129.84, 130.78, 134.68, 134.84, 136.81, 141.25. 

1-(4-methoxyphenyl)-2,3,4,9-tetrahydro-1H-pyrido[3,4-b]indole 
(3d): Yield: 78%; White solid; MP- 203–204 ◦C, LCMS m/z: 178(M+), 
1HNMR (400 MHz, DMSO): δ 2.62–2.66 (m, 2H), 2.99–3.02 (m, 1H), 
3.11–3.14 (m, 1H), 3.90 (s, 3H), 5.23 (s, 1H), 5.31 (s, 1H), 6.99–7.00 (m, 
2H), 7.25–7.31 (m, 3H), 7.36–7.41 (m, 3H), 8.14 (s, 1H) ; 13CNMR (100 
MHz, CDCl3): δ 23.57, 43.93, 56.39, 58.52, 77.78, 78.10, 78.42, 111.15, 
111.88, 115.18, 119.26, 120.40, 122.71, 128.47, 130.71, 134.91, 
135.86, 136.88, 160.55. 
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[15] V. Höllrigl, F. Hollmann, A.C. Kleeb, K. Buehler, A. Schmid, TADH, the 
thermostable alcohol dehydrogenase from Thermus sp. ATN1: a versatile new 
biocatalyst for organic synthesis, Appl. Microbiol. Biotechnol. 81 (2008) 263–273, 
https://doi.org/10.1007/s00253-008-1606-z. 

[16] D.M. Sirsat, Y.B. Mule, An environmentally benign synthesis of aryl-hydrazones 
with aqueous extract of Acacia pods as a natural surfactant type catalyst, Iran. 
Chem. Commun. 91 (2016) 373–388. 

[17] Santosh Pore, Gajanan Rashinkar, Kavita Mote, Rajeshri Salunkhe, Aqueous extract 
of the pericarp of Sapindus trifoliatus fruits: A novel “green” catalyst for the 
aldimine synthesis, Chem. Biodivers. 7 (7) (2010) 1796–1800, https://doi.org/ 
10.1002/cbdv.200900272. 
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ABSRACT:  

               CSR as an ever-growing topic of discussion in the corporate world goes beyond what is required by law or regulators and promotes the 

betterment of business practices for sustained positive change for all stakeholders. Companies create shared value for business and society through 

their forward thinking and getting involved in society welfare activities via CSR initiatives. Business has emerged today, as one of the most powerful 

institutions on the earth. Globalization is making the world smaller and business worldwide, expanding like never before. By crossing geographical 

boundaries, companies are expanding their business arms.  

            Indian economy is one of the fastest growing economies, acknowledged by large multinationals. Considering the global competition on every 

front, companies no longer expected to behave in traditional way and play the traditional role of profit maximizing. The increasing role of civil 

society and their demands from companies has started to put pressure on companies to act in economically, socially and environmentally sustainable 

way. There is a growing pressure on companies to be transparent and accountable for their employees, customers, shareholders, media and civil 

society. 

Key-word: CSR, Globalization, socio-economic, environment, corporate world, Education.      

INTRODUCTION: 

               Corporate Social Responsibility (hereafter mentioned as CSR) has emerged as topic of concern in government, corporation 

and international business forums due to its multidimensional benefits. Considering the corporate world, corporate stakeholders are 

getting increasingly conscious about various socio-economic challenges across the globe and ethical business practices of companies.  

               Today, it is expected from business organizations that they become seriously concerned about their responsibilities towards 

their stakeholders and the society at the large. Hence, CSR has emerged as an unavoidable priority in corporate world in present 

times.1 The most successful companies in the world have a reason for being ethical or responsible that goes beyond reaching 

commercial targets of their business. Contribution in community development, which they impact and depend upon, is now an 

important consideration for all type of business: large, medium or small. 

               The common understanding amongst most CSR definitions concern with how the profits are made and how they are used, 

keeping in mind the stakeholders‟ interest. 
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   ABSTRACT 
Collaborative teaching has gained increasing attention as an effective pedagogical approach to enhance student 

learning outcomes. This research article explores various collaborative teaching strategies and their impact on 

student engagement, academic achievement, and the development of essential skills. Drawing upon a review of 

existing literature and empirical studies, this research aims to provide insights into the benefits and challenges of 

collaborative teaching, offering practical recommendations for educators seeking to implement these strategies in 

diverse educational settings. 
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Introduction 

Collaborative teaching is a dynamic 

approach that emphasizes active student 

participation, shared responsibility, and cooperative 

learning. This section provides an overview of the 

importance of collaborative teaching in fostering a 

positive learning environment and introduces the key 

objectives of the research. Collaborative teaching-

learning, also known as collaborative learning or 

cooperative learning is an educational approach that 

emphasizes the active participation of students in 

group activities and projects. The key idea is to 

promote learning through collaboration, where 

students work together to achieve common goals, 

share knowledge, and contribute to each other's 

understanding. 

Literature Review 

This section examines the theoretical 

foundations of collaborative learning, drawing on 

prominent educational theories such as 

constructivism and social learning.  

 
* HoD, English, Arts, Science and Commerce 

College, Rahata 

 

Additionally, it reviews empirical studies that have 

investigated the impact of collaborative teaching on 

student outcomes, including academic achievement, 

critical thinking, and interpersonal skills. 

Theoretical Framework 

Collaborative teaching strategies find their 

roots in educational theories that emphasize active 

learning, social constructivism, and the importance 

of peer interaction in the learning process. Scholars 

such as Vygotsky and Dewey have underscored the 

significance of social environments in shaping 

cognitive development. Collaborative teaching, 

aligned with these theories, aims to create a dynamic, 

interactive learning space that goes beyond 

traditional didactic methods. 

Social Learning and Constructivism 

Social learning theories posit that individuals 

learn by observing, imitating, and interacting with 

others. Collaborative teaching aligns with this 

framework, fostering a community of learners where 

knowledge is co-constructed through shared 

experiences. Constructivism emphasizes the role of 

learners as active participants in building their 
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ABSTRACT 
The emergence of biofertilizer as a potential environmentally friendly inputs for supplementing the plant growth has 
been incredible and found supporting agricultural sustainability. Hence, in present study an attempt was made to assess 
the efficacy of fresh water algae from the farm ponds on the yield parameters in Cucumis sativus L. The field trial was 
conducted with RBD design and seven treatments were used with control, algal aqueous and algal cow urine extract by 
using algae from two farm ponds. Different concentrations of algae were applied through foliar application as per the 
standard methods. The results revealed that farm pond algae has promotive role in the yield of Cucumis Sativus L. The 
farm pond algae in 15 % cow urine extract had shown prominent result in the form of increased fruit length, diameter, 
total fruits per plant and total yield over the control which is almost close to the yield using commercial nutrients.  
Keywords: RBD design, Cucumis Sativus, Cow Urine Extracts 
 
Received 28.06.2021                                                            Revised 13.07.2021                                             Accepted 23.08.2021 
 
INTRODUCTION 
The introduction of green revolution technologies in the agriculture marked striking quantitative increase 
in food production which was the welcoming sign, and it was hailed as one of the most significant matters 
of pride for a country like India in its long struggle for a better life. In the 1960s and the 70s, it was 
impressive progress made by India in food production as it was a significant achievement for any third 
world country. However, the journey of Indian agriculture since the green revolution has always raised 
the doubts about the quality of food it is serving. Although use of fertilizers and pesticides is inevitable, its 
entry in the food chain has questioned the intention and people across the world have started asking for 
the alternative sources for nutrients and pesticides [11-18].  
It is believed that, as long as the agriculture system continues to use large scale chemical fertilizers, 
sustainability cannot be achieved [14]. The consumers and farmers share a strong desire for agricultural 
sustainability, increasing anxiety about pollution, and damage to the environment. They also have a 
strong desire and willingness to engage with new farming technology that can produce more nutritious 
and pollutants free food [4-7]. 
The emergence of biofertilizer as a potential environmentally friendly inputs for supplementing the plant 
growth has been incredible and found supporting agricultural sustainability. They meet the plant nutrient 
requirement as well as minimize the use of chemical fertilizers. [20, 19]. Freshwater algae have a high 
percentage of nutrients incorporated into their major biochemical properties and metabolites such as 
carbohydrates and protein [24]. The variety of substances excreted by blue-green algal extract influences 
plant growth and development in a variety of ways [18]. Algal microorganisms are found benefiting the 
plants by the synthesizing growth enhancing hormones.  With this background, the study was conducted 
to assess the efficacy of fresh water algae from the farm ponds on the yield parameters in Cucumis sativus 
L.  
 
MATERIAL AND METHODS 
The farm ponds for collection of algal samples were identified from village Wakadi (19.6697° N, 74.5730° 
E) in RahataTaluka and village Sawargaontal (19.4863° N, 74.1651° E) in Sangamner Taluka of 
Ahmednagar district, Maharashtra, India. The algal material was handpicked from the pond and washed 

http://www.bepls.com
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with water and brought to the laboratory in polythene bags.  The collected samples were labelled as 
Sample 1 – Algae from farm pond of village Wakadi and Sample 2 - Algae from farm pod of village 
Sawargaontal.  The dried algal mixture was used for the preparation of algal aqueous extract. 100 gm 
material of algal mixture was taken and boiled in 1000 ml distilled water to make final volume up to 100 
ml. This process was repeated for obtaining the required amount of algal extract to be used for 
experimental trials. Using this standard algal extract 15 % algal extracts were prepared separately for 
both samples [9].  Cow urine extract was prepared for both samples using cow urine instead of distilled 
water.   
The field trial was conducted to study the effect of algal extracts on the growth of Cucumis sativus L. The 
field was selected as per the recommendations for the farming practices. The field experiment was 
carried out from February 2019 to May 2020.The land for the field trial was prepared by ploughing, and 
the debris was collected by hand. After ploughing the land was thrown into ridges and furrows of 100 cm. 
The ridges and furrows were prepared with the raidger as per the standard method recommended for the 
plant. The farmyard manure was applied to the field in the proportion as recommended. Seven treatment 
sets were designed andthe seeds were treated by soaking them overnight into various concentrations as 
mentioned in table 1.  

Table 1 -Treatment Symbols and treatments. 
Treatment Symbol Concentration  

T1 Control with water  
T2 Control with Cow Urine  
T3 15 % algal aqueous extract of sample 1. 
T4 15 % algal cow urine extract of sample 1. 
T5 15 % algal aqueous extract of sample 2. 
T6 15 % algal cow urine extract of sample 2.  
T7 Commercial Nutrient 

The plantation of Cucumis sativus L. seeds in the field plot was carried out as per the Randomized Block 
Design (RBD). The irrigation was done as per the requirement of the plants at approximately weekly 
intervals. After one month, the irrigation interval was maintained, depending on the water requirement of 
the soil and plant.   
As soon as the leaves were developed, the foliar application of algal aqueous extract, algal cow urine 
extract, and nutritional supplement was started. The foliar application of algal extract and commercial 
nutritional supplement was repeated after every 10 days of the first application. The parameters M:F 
ratio, Fruit set, fruit retention, fruit length (cm), Fruit diameter (cm), fruits per plant, fruit yield (gms) 
were recorded.  
 
RESULTS AND DISCUSSION 
Female to male flower ratio (Table 2) was maximum in T2 i.e. 1:2.36 however it was minimum at T1 i.e. 
1:1.80.  
Table 2 Effect of algal extract on Male and Female flower ratio, Fruit set and retention in Cucumis sativus 

L. 
Treatment / 
Parameter 

M:F Ratio Fruit Set Fruit Retention 
Mean SD Mean SD Mean SD 

T1 1:1.80 0.15 20.14 1.77 11.14 1.77 
T2 1:2.36 0.22 21.00 2.45 13.00 2.45 
T3 1:1.86 0.15 34.57 2.07 25.57 2.07 
T4 1:2.00 0.18 36.57 2.57 28.57 2.57 
T5 1:1.86 0.14 35.43 3.21 26.43 3.21 
T6 1:1.94 0.21 36.43 2.07 28.43 2.07 
T7 1:1.99 0.22 38.43 2.94 30.43 2.94 

Total 1:1.97 0.24 31.80 7.62 23.37 7.74 

 F (6, 48) = 7.09,  
p<0.01 

F (6, 48) = 68.28,  
p< 0.01 

F (6, 48) = 70.58, 
p< 0.01 

 
T1 showed minimum fruit set and fruit retention with 20.14 and 11.14 per plant respectively. However, T7 
showed maximum fruit set and fruit retention with 38.43 and 30.43 respectively. Commercial nutrient 
had shown 90.81 % more fruit set over the control, however the algal cow urine extract of sample 1 (T4 
)and algal cow urine extract of sample 2 (T6) have also shown prominent fruit set i.e. 81.58 % and 80.88 
% more than control. Commercial nutrient (T7) had shown 173.16 % more fruit retention over the 
control, however the algal cow urine extract of sample 1 (T4 )and algal cow urine extract of sample 2 (T6) 
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have also shown maximum fruit retention i.e. 156.46 % and 155.21 % more than control. The ANOVA 
examined the effect of treatment on M:F flower ratio  of Cucumis sativus L. which shows that there was a 
statistically significant effect within the treatment with F (6, 48) = 7.09, p<0.01. The ANOVA shows that 
there was a statistically significant effect within the treatment for fruit set with F(6, 48) = 68.28, p< 0.01, for 
fruit retention with F (6, 48) = 70.58, p< 0.01. The algal extract is beneficial in stimulating the fruit setting in 
the cucumber [7]. The seedlings treated with the algal extracts set more flowers than the control. [11]. 
The results are in line with those reported by Taha et al [22]. The mentioned the female flowers between 
39.42 to 46.34 in cucumber followed by application of sea weed extract.  The results are similar to Dinesh 
et .al., [12] who mentioned the sex ratio between 1.40-2.32. Taha et. al,[21] also reported the fruit setting 
in between 77.18-82.76 % which is similar to present study. Ajay et. al., [4] reported the fruit set 
percentage between 71 -81.90 % and fruit retention percentage between 77.23-84.84 % in   Cucumis 
sativus L.). The study outcome is in line with the results of studies conducted by Ansari and Chowdhary 
[6] in bottle gourd, Mir [17] in cucumber and Mehdi et al., [17] in cucumber. 
 
Table 3 -Effect of algal extract on fruit length, diameter, fruits per plant and total yield in Cucumis sativus 

L. 
Treatment/ 
Parameter 

Fruit Length (cm) Fruit Diameter 
(cm) Fruits per plant Fruit Yield (gms) 

Mean SD Mean SD Mean SD Mean SD 
T1 12.43 1.72 11.57 2.88 11.14 1.77 1894.29 301.38 
T2 13.43 1.81 12.14 2.73 13.00 2.45 2275.00 428.66 
T3 14.14 1.07 13.57 2.44 25.57 2.07 4730.71 382.99 
T4 14.86 1.35 15.43 1.81 28.57 2.57 5714.29 514.55 
T5 14.57 1.40 14.57 1.51 26.43 3.21 5021.43 609.36 
T6 15.29 1.50 15.14 1.68 28.43 2.07 5827.86 424.39 
T7 15.43 0.79 15.43 1.51 30.43 2.94 6177.00 595.97 

Total 14.31 1.66 13.98 2.50 23.37 7.74 4520.08 1685.38 

 F (6, 48) = 4.03, 
p<0.01 

F (6, 48) = 3.84, 
p<0.01 

F (6, 48) = 70.58, 
p<0.01 

F (6, 48) = 92.88, 
p<0.01 

 
It is seen from the table 3 that minimum fruit length was reported in T1 with 12.5 cm and maximum fruit 
length was reported at T7 with 15.5 cm. The variation in the fruit diameter was from 11.6 cm at T1 to 15.5 
cm at T7. At the same time the number of fruits per plants varied from 11.1 cm at T1 to 30.4 cm at T7. The 
minimum yield of the fruits was reported at T1 with 1894.3 gms and maximum yield was reported at T7 
with 6177 gms followed by T6 with a yield of 5827.9 gms and T4 with a yield of 5714.3. When the data of 
all parameters was compared with the control treatment, it was observed that T7 had shown 24.14 % 
more length as compare to control, however T4 and T6 had also shown 19.55 % and 23.01 % more 
growth compared to control. Similarly, T7 had shown 33.36 % more fruit diameter compare to control, 
whereas T4 and T6 also had shown 33.36 % and 30.86 % more growth compare to control. T7 reported 
173.16 % more fruits as compare to control and it was 156.46 % and 155.21 % more in T4 and T6. T7 
reported 226.09 % more fruit yield compare to control and again T4 and T6 had shown prominent yield 
with 201.66 % and 207.65 % more than control.  
The ANOVA examined the effect of treatment on the Fruit Length, Fruit Diameter, Fruits per plant and 
fruit yield in of Cucumis sativus L. It shows that there was a statistically significant effect within the 
treatment for Fruit Length, Fruit Diameter, Fruits per plant and fruit yield with F (6, 48) = 4.03, p<0.01, F (6, 

48) = 3.84, p<0.01, F (6, 48) = 70.58, p<0.01, F (6, 48) = 92.88, p<0.01 respectively.  
The increases in overall weight of the fruit as well as total yield in cucumber treated with algal extract can 
be linked to the increasing fruit numbers, leaf area and dry weight as a result of enhanced physiological 
activities, photosynthesis and plant nutrition. The yield in cucumber could have been attributed due to an 
increases in distillate flowers which in increases the fruit number which is reflected in the total yield [5]. 
High level of cytokinin improve the nutrient mobilization and the algal extract increase the movement of 
cytokinin from the roots to the fruits. [13].  The increased cytokinin availability results into increased 
supply to the maturing fruits. In addition to the growth hormones, increased yield in cucumber could be 
due to the additional elements in the algae like macro, micronutrients and organic matters like, amino 
acids that improve nutritional status, vegetative growth and yield quality [1-3].  Bajpai, [8] also indicated 
about presence of active organic compounds in algae which acts a growth regulators. Metting et al., [16] 
have responded that nutrient mobilization, root development, improvement in chlorophyll content and 
leaf area are the physiological responses of crops after algal application.  
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The results are in agreement with that of Crouch and Van-Staden [10] who reported increases in fruit 
number by 10% and fruit weight by 15% followed by application of seaweed extract. Saravanan et al., 
[21] mentioned a significant increase in number of fruits and fruit yield per plant after application of sea 
weed extract. Zodape et al., [25] applied 2.5 % sea weed extract and reported better improvement in the 
length, diameter and number of fruit. Abdel-Mawgoud et al., [3], were of the same opinion that the fruit 
weight and diameter in cucumber were enhanced as a result of increased vegetative growth after 
application of algal extract. The results are also similar to Taha, et al., [22] where they reported the fruit 
length between 13.36 cm -16.76 cm, fruit diameter between 3.38 cm - 4.85 cm and fruit weight between 
154.3 gms. - 282.6 gms. Taha et.al., [21] reported the fruit weight between 112.31 -126.55 gms in 
cucumber treated with sea weed extract. They reported number of fruit between 14.89-21.73, fruit length 
between 17.32-18.20 cm, fruit diameter between 2.37-2.50 cm and the yield per fruit between 7.35-10.96 
kg. Radameset.al., 2018 compared the benefits of the total yield of cucumber from chemical fertilization 
and algae and stated that algae is greater as it is friendly to the environment.  
 
CONCLUSION 
It is concluded from the study that, farm pond algae has promotive role in the yield of Cucumis Sativus L. 
The less expensive farm pond algae in 15 % cow urine extract had shown prominent result in the form of 
fruit length, diameter, total fruits per plant and total yield which is almost close to the yield using 
commercial nutrients. Hence, using algae as a source of nutrient can protect the yield as well as help to 
achieve the sustainability in agriculture.  
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Abstract- 

Agriculture sector has always remained a main contributor in GDP and a source of employment for many people across the 

country. However, the later effect of green revolution technologies have asked serious questions in the form of many diseases which 

have been introduced through food and water contamination. The alternative and reliable options for the chemical fertilizers and 

pesticides have been always at the center of various research studies since last few decades. Hence, an attempt was made to study the 

promotive role of farm pond algae on seed germination and seedling growth in Luffa cylindrica L. The seeds were treated in various 

concentrations of algal aqueous and cow urine extracts and percent seed germination and seedling growth was observed. It is found 

that, 15 % concentration of both algal aqueous and cow urine extract has significant effect in promotion of seed germination, root 

length, shoot length and overall height of Luffa cylindrica L. Algal cow urine extract reported significantly better growth over the 

algal aqueous extract.  

 

Key words- Luffa cylindrica L., Farm Pond Algae, Algal Extract, Cow Urine Extract.  

 

I. INTRODUCTION 

 Ever since invention, agriculture has been the mainstay of human civilization. India is known as an agriculture driven 

country, and agriculture being a major industry has played a vital role in gross domestic production (GDP) of the country. The 

agriculture sector of India contributes to around 18 % to gross domestic product and offers employment opportunities to 50 % 

of the countries workforce. [1] India witnessed the Green Revolution in the 1960s with an increase in food grain production and 

met the food demand of the millions of malnourished people across the country. Green revolution broadly represented a major 

change in the stakeholders focusing on increased use of chemical-based pesticides and fertilizers to increase the crop yield in 

multiple folds. The striking quantitative increase in food production as a result of increased chemical input in agriculture was 

the welcoming sign but the long term health impacts of these chemicals started drawing attention of scientific community. 

Chemical pesticides adversely affects skin, eyes, respiratory system, and other body organs. [2] Over the last thirty years, the 

indiscriminate application and ignorance towards appropriate handling of agricultural pesticides have induced various health-

related morbidities in emergent nations. [3] Pesticides become a reason for congenital anomalies and affect fetal growth, and 

some pesticides can cause cancer in human beings. [4] Researchers across the world have reported that the detrimental 

agricultural habits and excessive use of the chemicals have allowed the contamination of the food chain and the environment. 

[5] Hence, the consumers and farmers share a strong desire for agricultural sustainability, increasing anxiety about pollution, 

and damage to the environment. They also have a strong desire and willingness to engage with new farming technology that can 

produce more nutritious and pollutants free food. An increased focus on the use of biofertilizers across the world on the 

environmental ground is observed in the recent past. These biofertilizers are the organisms that improve the soil quality without 

any effects on the agriculture system and environment. The primary source of biofertilizers includes blue-green algae, bacteria, 

and fungi. [6]   

 Hence, in present investigation an attempt was made to investigate the promotive role of farm pond algae on the 

percent seed germination and seedling growth using aqueous as well as cow urine extract.  

II. MATERIAL AND METHODS 

The experimental material used was seeds of Luffa cylindrica L., freshwater algae and cow urine which was collected 

from local sources. Two samples of algae were collected from two farm ponds at village Sawargaon Tal, Tal-Sangamner and 

Village Wakadi, Tal- Rahata of Ahmednagar district, Maharashtra, India. The algae was dried and powdered [7] for further 

preparation of algal extract. The algal extracts were prepared in the concentrations of 1 %, 5 %, 10 %, 15 %, 20 % and 25 %. 

The distilled water was used as control. [8] Same concentrations were prepared using cow urine for both samples and only cow 

urine was treated as control. The seeds of Luffa cylindrica L. were soaked in aqueous/cow urine algal extracts of Sample 1 and 

Sample 2 and control for 24 hrs. Paper Towel method was used [9] to study the effect of different algal extracts on seed 

germination and early seedling growth. The experiment was conducted in triplicate. The Study parameters measured are seed 

germination in percentage, Root length, Shoot length and total height of seedling in centimeters.  
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III. RESULTS AND DISCUSSION 

A. Effect of Algal Extract on Seed Germination in Luffa cylindrica L. 

Table I- Effect of algal extract on percent seed germination in Luffa cylindrica L. 
 

  
Percent Seed Germination 

  
Algal Aqueous Extract Algal Cow Urine Extract 

 
Algal 

Concn 

Trial 

1 

Trial 

2 

Trial 

3 

Mea

n 
SD 

Trial 

1 

Trial 

2 

Trial 

3 

Mea

n 
SD 

S
a

m
p

le
 1

 

1% 80.0 83.3 90.0 84.4 0.36 83.3 76.7 86.7 82.2 0.38 

5% 83.3 86.7 90.0 86.7 0.34 86.7 80.0 86.7 84.4 0.36 

10% 86.7 86.7 90.0 87.8 0.33 90.0 83.3 90.0 87.8 0.33 

15% 93.3 93.3 96.7 94.4 0.23 93.3 93.3 93.3 93.3 0.25 

20% 90.0 90.0 93.3 91.1 0.29 93.3 93.3 90.0 92.2 0.27 

25% 83.3 86.7 93.3 87.8 0.33 93.3 90.0 86.7 90.0 0.3 

Control 80.0 80.0 90.0 83.3 0.38 83.3 73.3 83.3 80.0 0.4 

S
a

m
p

le
 2

 

1% 80.0 93.3 93.3 88.9 0.32 83.3 86.7 83.3 84.4 0.36 

5% 73.3 93.3 93.3 86.7 0.34 86.7 83.3 83.3 84.4 0.36 

10% 80.0 100 93.3 91.1 0.29 93.3 86.7 86.7 88.9 0.32 

15% 83.3 100 96.7 93.3 0.25 93.3 96.7 96.7 95.6 0.21 

20% 76.7 100 93.3 90.0 0.3 90.0 86.7 90.0 88.9 0.32 

25% 76.7 96.7 93.3 88.9 0.32 90.0 90.0 90.0 90.0 0.3 

Control 76.7 96.7 90.0 87.8 0.33 80.0 90.0 80.0 83.3 0.37 

 

The average minimum and maximum seed germination in algal aqueous extract in sample 1 was 83.3 % at control and 

94.4 % at 15 % respectively, however the average minimum and maximum seed germination in algal cow urine extract was 80 

% and 93.3 %  at control and 15 %  respectively. Sample 2 reported germination of 87.8 % at control and 93.3 % at 15 %  in 

algal aqueous extract and 83.3 % and 95.5 % at control and 15 % algal extract in algal cow urine extract respectively. The 

results of percent seed germination obtained in the present investigation are in agreement with various studies conducted by the 

researchers across the world. Pandey et. al.[10] reported some promising effects in the germination percentage after treating the 

seeds with 5% extract of Chroococcus sp. Maximum seed germination in okra seeds was reported by Divya et. al., [11] 

followed by application of 5 %  of algal extract derived from sea weed.  

B. Effect of Algal Extract on Shoot Length in Luffa cylindrica L. 

 

  
Table II- Effect of algal extract on shoot length in Luffa cylindrica L. 

 

  
Shoot Length in cm 

 
  Algal Aqueous Extract Algal Cow Urine Extract 

  
Algal 

Concn 

Trial 

1 

Trial 

2 

Trial 

3 
Mean SD 

Trial 

1 

Trial 

2 

Trial 

3 
Mean SD 

S
a

m
p

le
 1

 

1% 12.31 12.32 9.42 11.29 3.43 14.12 14.84 11.91 13.57 4.17 

5% 12.68 13.26 11.95 12.62 2.87 17.1 14.28 14.25 15.24 4.31 

10% 10.61 11.52 11.24 11.13 2.49 13.86 13.68 12.66 13.39 4.27 

15% 15.89 13.57 12.86 14.09 3.03 16.21 17.59 14.57 16.12 5.72 

20% 10.98 15.27 11.73 12.65 3.08 13.81 19.41 12.87 15.4 5.2 

25% 9.85 12.81 11.29 11.34 3.11 11.18 14.59 11.69 12.48 4.92 

Control 10.94 9.88 9.9 10.23 2.75 12.28 13.05 9.58 11.58 3.2 

S
a

m
p

le
 2

 

1% 7.16 8.38 9.74 8.49 2.06 10.46 9.23 10.7 10.12 2.5 

5% 13.06 10.67 11.04 11.48 2.91 12.64 11.12 12.75 12.18 2.96 

10% 10.8 11.55 12.26 11.58 3.17 13.05 11.99 12.43 12.51 2.81 

15% 13.82 12.52 12.76 12.99 3.18 15.71 14.53 13.93 14.71 3.79 

20% 11.58 11.1 11.84 11.49 2.75 13.19 14.73 14.89 14.26 4.36 

25% 9.97 10.43 10.9 10.47 2.88 10.99 12.02 9.97 10.99 3.0 

Control 9.14 9.69 9.15 9.34 2.86 10.38 9.53 10.49 10.11 2.36 

 

Algal aqueous extract of sample 1 reported average minimum shoot length 10.23 cm at control and average maximum 

14.09 at 15 % . The average minimum shoot length in algal cow urine extract was 11.58 cm at control and average maximum of 
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16.12 cm at 15 % . However, sample 2 reported average minimum shoot length of 9.15 cm at control and average maximum 

12.76 cm at 15 %  in algal aqueous extract. For algal cow urine extract average minimum shoot length was 10.11 cm at control 

and average maximum was 14.71 cm at 15 % . Algal cow urine extract has reported to enhance the shoot length of Luffa 

cylindrica L. over the algal aqueous extract. Algal cow urine extract of sample 1 has reported 14.40 % more length in the shoot 

of Luffa cylindrica L. over algal aqueous extract. In the same way, algal cow urine extract of sample 2 has also reported 13.24 

% more shoot length. Hence, cow urine extract has shown more growth potential over aqueous extract of both algal samples 

under study. The results of present investigations show similarity with the earlier studies on various crop plants. Basavaraja 

et.al., [12] reported significant increase in shoot length following application of blue green algae in maize, cucumber and ragi. 

Patil et.al., [13] studied the growth promoting activity of Chlorella, Scenedesmus and Chlamydomonas on cucumber. The 

research team including Arun et.al., [14] also presented that, liquid sea weed fertilizer with 60 % concentration is more effective 

in increasing the shoot length.  

Table III- ANOVA: Two Way - Luffa Cylindrica L. - Shoot Length 

Source 

Type III 

Sum of 

Squares 

df 
Mean 

Square 
F Sig. 

Partial 

Eta 

Squared 

Algal 
Concentration 

6443.55 6 1073.93 40.70 0.00 0.09 

Extract 1155.75 1 1155.75 43.80 0.00 0.02 

Algal 
Concentration 

* Extract 

229.66 6 38.28 1.45 0.19 0.00 

Error 66118.28 2506 26.38       

Total 367228.08 2520         

R Squared = .106 (Adjusted R Squared = .101) 

 

For the Shoot Length of Luffa Cylindrica L. from the two way ANOVA it is seen that there is a significant main effect 

of Algal Concentration on the overall Shoot Length, F (6, 2520) = 40.70, p = 0.00, np2 = 0.09. The Extract i.e. aqueous vs Cow 

Urine also had significant effect, F (1, 2520) = 43.80, p = 0.00, np2 = 0.02. The post - hoc test for the algal concentration using 

Tukey HSD indicated that the 15% had the longest Shoot Length in comparison to 1%, 5%, 10%, 20%, 25% and Control which 

was statistically significant. Lastly, for the Extract: Cow Urine extract (Mean [CI]): (11.47 [11.18, 11.75]) was significantly 

better than Aqueous Extract (10.11 [9.83, 10.40]).  

C. Effect of Algal Extract on Root Length in Luffa cylindrica L. 

Table IV - Effect of algal extract on root length in Luffa cylindrica L. 

 

 
  Algal Aqueous Extract Algal Cow Urine Extract 

  
Algal 
Concn 

Trial 

1 

Trial 

2 

Trial 

3 
Mean SD 

Trial 

1 

Trial 

2 

Trial 

3 
Mean SD 

S
a

m
p

le
 1

 

1% 12.43 14.3 10.72 12.44 4.53 10.08 12.42 11.78 11.4 2.92 

5% 13.52 14.22 12.73 13.48 3.89 11.2 14.19 11.79 12.34 3.32 

10% 10.98 14.58 11.37 12.3 3.77 9.57 14.44 12.39 12.07 4.16 

15% 13.84 15.31 14.96 14.71 4.01 15.29 12.27 13.25 13.6 4.42 

20% 9.67 15.33 11.74 12.24 4.52 8.35 18.88 12.52 13.26 5.43 

25% 9.58 13.21 9.5 10.75 3.96 9.13 12.96 9.59 10.55 3.68 

Control 11.1 12.92 8.81 10.86 4.42 9.97 12.54 9.59 10.62 3.43 

S
a

m
p

le
 2

 

1% 11.22 8.76 9.79 9.86 3.21 8.83 7.82 9.32 8.64 2.21 

5% 11.72 9.53 11.32 10.79 3 11.78 10.91 11.34 11.35 1.99 

10% 12.9 11.32 10.79 11.6 3.24 11.06 11.92 12.18 13.2 3.6 

15% 12.06 14.0 11.89 12.69 3.25 12.62 12.5 12.67 12.59 2.85 

20% 12.7 12.77 10.51 11.97 3.73 12.57 12.74 10.01 11.76 3.04 

25% 10.74 11.23 10.21 10.73 2.94 11.42 10.23 10.83 10.82 2.46 

Control 8.43 7.12 7.93 7.78 2.58 10.48 7.76 9.15 9.07 2.58 

 

The average root length of sample 1 of aqueous extract was presented between 10.75 cm at 25 % and 14.71 cm at 15 

%, however it was between 10.55 cm at 25% 13.6 cm at 15 % in algal cow urine extract. Sample 2 presented average minimum 

and maximum root length between 7.78 cm at control and 12.69 cm at 15 % in aqueous extract and it was between 8.64 cm at 1 

% and 12.59 at 15 % cow urine extract. Algal aqueous extract showed better results in terms of root length of Luffa cylindrica L 

as compare to algal cow urine extract as the root length in sample 1 was 8.16 % more and in sample 2 it was 0.79 % more. 

Sample 1 has shown better root length as compare to sample 2. The increased root length in Cucumis sativus L. and Luffa 

cylindrica L. in present study is in accordance with the earlier studies. Odgerel Bumandalai and Rentsenkhand Tserennadmid, 
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[15] reported increased growth in the seeds of tomato and cucumber following the application of the suspension of C. vulgaris. 

The results are in agreement with Basavaraja et.al., [12] who reported significant increase in root length following application 

of blue green algae. The study confirmed significantly higher root length in maize as compare to control. The study conducted 

by Divya et.al., [11] also reported the stimulating effect of seaweed liquid fertilizer on the growth of root length in Okra.  

Table V - ANOVA: Two Way - Luffa Cylindrica L. - Root Length 

Source 

Type III 

Sum of 

Squares 

df 
Mean 

Square 
F Sig. 

Partial 

Eta 

Squared 

Algal 

Concentration 
4970.23 6 828.37 33.32 0.00 0.07 

Extract 36.00 1 36.00 1.45 0.23 0.00 
Algal 

Concentration 

* Extract 

176.62 6 29.44 1.18 0.31 0.00 

Error 62297.05 2506 24.86       

Total 328548.04 2520         

R Squared = .077 (Adjusted R Squared = .072) 

 

For the Root Length of Luffa Cylindrica L. from the two way ANOVA it is seen that there is a significant main effect 

of Algal Concentration on the overall Root Length, F (6, 2520) = 33.32, p = 0.00, np2 = 0.07. The Extract i.e. aqueous vs Cow 

Urine did not have any significant effect, F (1, 2520) = 1.45, p = 0.23, np2 = 0.00. The post - hoc test for the algal concentration 

using Tukey HSD indicated that the 15% had the longest root length in comparison to 1%, 5%, 10%, 20%, 25% and Control 

which was statistically significant.  

D. Effect of Algal Extract on Total Height in Luffa cylindrica L. 

 

 
Table VI - Effect of algal extract on total height Luffa cylindrica L. 

 

 
  Algal Aqueous Extract Algal Cow Urine Extract 

  
Algal 
Concn 

Trial 
1 

Trial 
2 

Trial 
3 

Mean SD 
Trial 

1 
Trial 

2 
Trial 

3 
Mean SD 

S
a

m
p

le
 1

 

1% 24.75 26.61 20.14 23.72 7.07 24.2 27.27 23.68 24.97 5.6 

5% 26.2 27.48 24.68 26.1 5.81 28.3 28.47 26.05 27.58 5.61 

10% 21.59 26.1 22.61 23.42 5.37 23.43 28.12 25.04 25.47 6.42 

15% 29.73 28.88 27.82 28.8 5.52 31.5 29.86 27.82 29.73 8.18 

20% 20.65 30.61 23.46 24.89 6.82 22.16 38.3 25.4 28.66 8.84 

25% 19.44 26.02 20.79 22.08 6.03 20.31 27.54 21.28 23.03 6.9 

Control 22.04 22.8 18.71 21.09 6.14 22.25 25.59 19.16 22.2 5.46 

S
a

m
p

le
 2

 

1% 18.38 17.14 19.52 18.35 3.83 19.28 16.76 20.02 18.66 3.85 

5% 24.79 20.2 22.36 22.27 4.45 24.42 22.03 24.09 23.53 3.87 

10% 23.7 22.87 23.05 23.18 4.64 26.52 23.05 24.36 24.69 4.11 

15% 25.88 26.51 24.66 25.68 3.92 28.33 27.02 26.6 27.31 5.14 

20% 24.29 23.86 22.35 23.46 5.06 25.76 27.47 24.9 26.02 5.98 

25% 20.72 21.67 21.11 21.2 4.25 22.41 22.25 20.79 21.82 4.41 

Control 17.57 16.81 17.07 17.12 3.96 20.87 17.29 19.63 19.18 4.02 

 

Luffa presented average total height between 21.09 cm at control and 28.8 cm at 15 % in aqueous extract of sample 1, 

however the average total height was between 22.2 cm at control and 29.73 cm at 15 % in cow urine extract. In algal aqueous 

extract of sample 2, the average height was between 17.12 cm at control and 25.68 at 15 %, the same was 18.66 cm at 1 % and 

27.31 cm at 15 % in cow urine extract. Algal cow urine extract of sample 1 showed 25.12 % more growth as compare to algal 

aqueous extract, similarly it was 6.86 % more in sample 2. Sample 1 has shown better growth as compare to sample 2 in both 

aqueous and cow urine extract.  Castellanos-Barriga et.al., [16] also found that the application of sea weed extract to mung bean 

(Vigna radiata) had significantly increased the seed germination, shoot and root length as well as other parameter under study. 

Pandey et.al, 2013 studied the effect of different concentrations on the seedling development in Okra and reported maximum 

height of seedling of 11.23±1.62 cm in Okra after application of Chroococcus sp. extract.  
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Table VII -ANOVA: Two Way - Luffa Cylindrica L. - Total Height 

Source 

Type III 

Sum of 

Squares 

df 
Mean 

Square 
F Sig. 

Partial 

Eta 

Squared 

Algal 

Concentration 
22584.76 6 3764.13 43.71 0.00 0.09 

Extract 775.56 1 775.56 9.01 0.00 0.00 
Algal 

Concentration 

* Extract 

455.25 6 75.88 0.88 0.51 0.00 

Error 215790.20 2506 86.11       

Total 1347056.74 2520         

R Squared = .099 (Adjusted R Squared = .095) 

 

For the Total height of Luffa Cylindrica L. from the two way ANOVA it is seen that there is a significant main effect 

of Algal Concentration on the overall Total height, F (6, 2520) = 43.71, p = 0.00, np2 = 0.09. The Extract i.e. Aqueous vs Cow 

Urine had a significant effect, F (1, 2520) = 9.01, p = 0.00, np2 = 0.00. The post - hoc test using Tukey HSD indicated that the 

for algal concentration  15% had the longest Total height in comparison to 1%, 5%, 10%, 20%, 25% and Control which was 

statistically significant. Lastly, for the Extract: Cow Urine extract (Mean [CI]): (21.52 [21.06, 22.03]) was significantly better 

than Aqueous Extract (20.41 [19.90, 20.92]). 

IV. CONCLUSION 

It is concluded that the 15 % concentration of both algal aqueous and cow urine extract shows better result in terms of percent 

seed germination, shoot length, root length and total height in Luffa cylindrica L. The algal cow urine extract has significantly 

better growth over algal aqueous extract in all parameters studied in both algal samples from farm pond.  
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ABSTRACT 
Efficiency of farm pond algal extracts as a liquid bio- fertilizer on the growth of spinach was studied by considering seed 
germination, seedling growth and seedling vigour index (SVI). The experimental analysis was carried out by soaking the 
seed overnight in various concentrations of algal extracts. viz., 1%, 5%, 10%, 15%, 20%, 25% and control. Results 
revealed that algal extracts at 20% concentration showed maximum activity in terms of increase in seed germination, 
root length, shoot length and seedling vigour index as compared to other concentrations and control.  
Keywords: Algal, Bio-fertilizer, seed germination, seedling growth, seedling vigour index, spinach 
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INTRODUCTION 
Spinach (Spinacia oleracea L.) is an edible flowering plant and a nutritious leafy vegetable also known as 
Palak, belonging to the family Amaranthaceae. It is an important source of vitamin-A, vitamin-B (Folate), 
vitamin-B1 (Thiamine), vitamin-C, vitamin-K, magnesium, potassium, phosphorus, dietary fibers, calcium, 
carbohydrates and proteins. The plant is cultivated within the country as a leafy vegetable. Various 
inorganic fertilizers are used for growing the crop, but continuous use of such fertilizers has started 
showing their adverse effects on the soil as a result the soil is losing its fertility and responsible for 
increasing salinity [3. 15].  
Time has arisen to move towards organic farming to avoid the harmful effects of inorganic fertilizers. Use 
of algal biofertilisers is one of the important approaches of organic farming. Certain blue green algal 
members are rich in minerals and have the ability to fix the atmospheric nitrogen that can be used for the 
growth of the crop. These algae are easily available and some of them are known to improve seed 
germination [4, 5, 10, 14].  
Hence in present investigation an attempt was made to study the Efficiency of farm pond algae as a liquid 
bio-fertilizer on the growth of spinach (Spinacia oleracea L.) with reference to seed germination, root 
length, shoot length and seed vigor index. 
 
MATERIAL AND METHODS 
Algae collected from the farm pond of Wakadi village were identified with the help of monographs viz. [7, 
11, 12, 8, 6, 13].  
Healthy seeds with uniform size, colour and weight of Indian summer variety were obtained from 
agricultural centre Loni. A mixture of fresh water alga used in the experiments was collected from the 
agricultural pond of a farmer from Wakadi village. Fresh material was handpicked and brought to the 
laboratory, washed thoroughly under running tap water and epiphytes found were removed. The 
material was shade dried for 4 to 6 days and grinded to get the powder, which was stored in airtight 
plastic bottles.  
10 gm fine powder of algae was mixed separately in 100ml of sterile distilled water and boil at 1000C to 
reduce the volume up to 10ml. This extract was filtered through a muslin cloth and cooled. The extract 
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was used as stock solution (100%). The extract was diluted with sterile distilled water for preparing 1%, 
5%, 10%, 15%, 20% and 25% concentrations respectively and stored in airtight bottles for further study. 
Algal extracts was prepared by using the method of Bhosle et. al., [5]. 
To analyze the effect of fresh water algal extract on Spinach as test plant, paper towel method [2] was 
used. Identical size fifteen healthy seeds were presoaked in different concentrations of algal extracts for 
24 hours. The experiment was carried in triplicates. Moist and disinfected paper towel was stretched on a 
clean polythene paper and fifteen seeds were arranged on its half portion containing three rows each of 
five seeds. About 3 inch space was left on lower and right side of the paper towel. The paper towel was 
rolled from the right end with plastic paper and the ends were tightened with rubber bands. Paper towel 
was placed vertically in beaker containing little water. 
First count for germination percentage was recorded after 7 days and final count after 21 days for total 
seedling growth. Different parameters were used in the present investigation as follows. 
 Germination percentage  
 Shoot length 
 Root length 
 Total height of seedling  
 Seedling vigour index (SVI) 
Above mentioned parameters were calculated by using the following formulae 
Germination percentage =                         No. of Seed  Germinated  × 100 

  Total No. of Seeds placed 
Total height of seedling = Shoot length + Root length. 
SVI = (Mean root length + Mean shoot length) × % of seed germination [1]  
 
RESULTS AND DISCUSSION 
Algal members like Hydrodictyon, Coelastrum, Mougetia, Ulotrix, Cladophora, Pithophora, Rhizoclonium, 
Ocillatoria, Lyngbya, Scytonema, Microcoleus, Navicula, Pinnularia, Melosira, Fragilaria and Nitzschia were 
recorded in the agricultural pond fresh water.  
Results revealed that all the parameters under study were generally influenced by the application of algal 
extract as compare to the control. Seeds treated with 20% concentration of algal extract showed 
maximum shoot length, root length, total height of seedling, maximum seed germination and seedling 
vigour index as compared to control (Table-1). However, total height of plant and percent seed 
germination was also significant at 1% algal extract treatment. The increase trend has been reported in 
the outcome of all parameters starting from 1%, 5%, 10%, 15% and 20% algal concentrations. However 
all parameters have shown significant decrease in the outcome at concentrations higher than 20%. It was 
reported that, algal concentration of 20% was more effective in the seed germination (Fig-1), seedling 
vigour index and seedling growth as compared to control. 

 
Table -1: Effect of Fresh Water Algal Extracts on the Seedling Growth of Spinach. 

Boiled water 
algal extract       

(%) 

Shoot 
length(cm) 

Root 
length(cm) 

Total height of 
seedling (cm) 

Seedling 
vigour index 

(SVI) 

Seed 
germination 

(%) 
1 5 7.11 12.95 1089.9 90% 
5 4.92 7.36 12.28 921 75% 

10 3.26 5.38 8.65 691.2 80% 
15 3.92 6.06 9.98 848.3 85% 
20 5.47 8.48 13.96 1325.25 95% 
25 4.98 7.16 12.15 849.8 70% 

Control 6.32 7.38 12.65 822 60% 
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Fig 1: Effect of Fresh Water Algal Extracts on the Seed Germination in Spinach 

 
Results have shown that, 20% concentrations of algal extract have stimulated the germination, SVI and 
the growth of the spinach seeds and seedling respectively. Other concentrations have also proved to be 
effective in stimulating at least one or more parameters of spinach under study. The total height of 
seedling at algal concentrations of 1%, 5%, 10%, and 15% was 12.95cm, 12.28cm, 8.65cm and 9.98cm 
respectively. Only the concentration of 20% had shown more seedling height (Fig.1) and seedling vigour 
index than control. Percent seed germination at 1%, 5%, 10%, 15%, and 20% was 90%, 75%, 80%, 85%, 
95% which was more than the control (60%). 
Pise and Sabale, [10] also reported significant shoot growth in fenugreek seeds treated with sea weed 
extracts. Extract of Ulva was found slightly more effective than that of Sargassum and Gracilaria. They 
have further concluded from their study that, liquid sea weed extracts are more effective in stimulating 
the growth of fenugreek seedlings.  

 

Fig.2. Seedling Growth at different concentrations 
 

CONCLUSIONS 
Above experimental results clearly indicates that the seed germination percentage, seedling vigour index 
(SVI) and total height of seedling in spinach has increased due to the application of algal extract as 
compare to control. The percentage findings will be useful to the marginal farmers for utilizing fresh 
water algal extract as liquid fertilizers. Utilization of algal extracts in fertilizers will produced low cost 
eco-friendly, commercial products which will help in reducing environmental pollution and pesticide 
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tolerance. Moreover, the algal material will be available to the farmers in their own agricultural ponds 
and these biofertilisers are easy for farmers to handle. Further study will be carried out to screen out the 
algal mixture and find out exactly which of the algal species is more effective in enhancing the growth.  
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A B S T R A C T   

An expeditious protocol for the synthesis of structurally diversified β-carboline derivatives has been reported 
using a readily available natural surfactant medium. The synthesis of β-carboline derivatives in good yields under 
optimized conditions was carried out by the reaction of tryptamine with aldehydes in an aqueous extract of 
Acacia Concinna pods. The use of an aqueous medium, ease of purification, good yield and cost-effective reaction 
suggest for bulk scale production β-carboline derivatives.   

Introduction 

Nowadays there are continuous efforts in the development of Green 
chemistry the main focus of which is the replacement of the toxic or 
hazardous and expensive catalysts with the greener alternative. Water 
being safer, non-toxic, inexpensive and accessible is found to be a unique 
medium for conducting organic chemistry reactions[1–6]. Catalyst is the 
soul of organic reactions, hence its design, construction and utility is a 
great challenge before researchers. Numerous reaction transformations 
have been developed including the use of supercritical solvent[7], clays 
[8], enzymes[9], animal bone[10], surfactants[11] etc. as reaction 
medium or catalyst. These materials are found to be convenient to some 
extent for solving certain incredible synthetic issues. Some serious issues 
are occurring by use of catalyst in reaction like environmental hazardous 
nature of the catalyst, expensive, handling problems, use elevated 
temperature etc. To overcome these problems, use natural feedstocks in 
organic synthesis has found to be the best remedy. Nature gives an un
believable collection of biochemicals that can act as biocatalysts for 
conducting organic transformations[12–15]. The natural material like 
soaked Phaseolus Aureus, the plant cell culture of Daucus carota root and 
coconut juice has been effectively used as a catalyst for conducting 
organic reactions[16]. The natural surfactants of Acacia concinna have 
been efficiently used for Knoevenagel condensation reaction[13], acyl
ation of amines[17] and synthesis of aryl-hydrazones[16]. 

β-carbolines are natural products possessing various bioactivities due 
to their extraordinary chemical structure[18–20]. Reserpine (A) is used 
to treat high blood pressure and to treat mental disorder patients[21]. 

(-)-Suaveoline (B) has nutritional and medicinal applications[22,23]. 
Moreover, β-carboline derivatives possesses antimalarial[24], anti
tumor, anti HIV[25] and antibacterial activitites[26], Tadalafil (C) is 
used to treat male sexual function problems[27]. Strictosidine (D) is 
important precursors to medicinally important compounds such as 
anticancer drugs[28]. Kumujian C (D) palys important role as anti- 
inflammatory agent[29]. 6-oxofascaplysin (F) shows weak cytotoxic 
activity[30]. Evodiamine (G) shows anticancer activity[31] (Fig. 1). 

Considering the pharmacological potential of β-carboline core, its 
synthesis using the green chemistry technique is the major concern of 
the present work. Generally, the synthesis of β-carboline is Pictet- 
Spengler reaction tryptamine or tryptophan with carbonyl compound 
in an organic solvent under reflux condition. Trifluoroacetic acid (TFA) 
and hydrochloric acid were found to be appropriate Bronsted acids for 
the synthesis of β-carboline derivatives[32]. The use of strong acids as a 
catalyst and harsh conditions with lacking substrate scope are the major 
disadvantages of reported methods[33]. Recently, molecular iodine and 
TFA/H2O[34–36], zeolites[37,38], microwave irradiation(MWI)[39], 
aqueos molecular iodine in DMSO[40] has been studied to reduce re
action time and to improve yields of the products[41–43]. β-carboline 
derivatives are recently synthesized using diphenylphosphoric acid as a 
catalyst[44]. Pyridyl-phosphine ruthenium(II) catalyzed Pictet-Spengler 
reaction for the synthesize tetrahydro-β-carbolines is also reported[45]. 
Trifluoroacetic anhydride (TFAA) and 1,4-diazabicyclo[2.2.2]octane 
(DABCO) promoted and dimethylacetamide (DMA) medited Pictet- 
Spengler reaction is also reported[46]. Unfortunately, each method re
ported in the literature has disadvantages. Therefore, there is still a need 
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to develop a more efficient method for the construction of the β-carbo
line core by utilizing natural, renewable and less hazardous reaction. 

Acacia concinna known as Shikakai in India belongs to the family 
Leguminosae. Due to the cleansing activity of Acacia concinna, it has a 
traditional application as shampoo and detergent. The saponins, acacic 
acid present in Acacia concinna fruit which was found to be 10–11.5% 
[47] resulted in the acidic nature of its aqueous extract (pH = 4.1) 
[48,49]. Also wetting and spreading property of surfactant solution 
promoted us to use surfactant type catalytic medium for synthesis of 
β-carboline derivatives. The aqueous extract of Acacia concinna is rich in 
saponins content. Saponins are triglycosides of acacia acid that contain 
glucose, arabinose and xylose as sugar cores[49,50]. Being amphiphilic, 
saponin has an existence of both polar and non-polar part as Glycone 
and Aglycone part respectively. Due to these polar and non-polar parts 
of saponin, reactant molecules solubilize in an aqueous extract of Acacia 
concinna and preceding the chemical reaction to the product side. 

Result and discussion 

To the extension of our current research for the development of novel 
methodologies for the synthesis of essential bioactive molecules 
[51–54], herein we have reported the use of natural surfactant type 
catalyst for the synthesis of tetrahydro-β-carboline derivatives (Scheme 
1). Tetrahydro-β-carboline derivatives were synthesized using aqueous 
extracts of different natural surfactants like Acacia concinna, Balanites 
aegyptiaca, Jatropha, Sapindus mukorossi. Normally, the drastic reaction 
condition (5–6 hrs) is required the synthesis of tetrahydro-β-carbolines. 
To assess the catalytic effect of all the above natural surfactant on the 

rate of reaction and yield of the product we performed a model reaction 
of tryptamine (1) (1 mmol) and benzaldehyde (2) (1 mmol) in 10 mL 
aqueous extract giving product 3a was carried out in respective aqueous 
solutions (Scheme 1). The use of natural surfactants showed variation in 
the rate of reaction and yield of product, results are summarised as in 
Table 1. 

Hence, Acacia Concinna pods are applied effectively for the synthesis 
of tetrahydro-β-carbolines derivatives from tryptamine and benzalde
hyde. The effect of other natural surfactants like Balanites aegyptiaca, 
Jatropha, Sapindus mukorossi for the synthesis of β-carboline derivatives 
has been studied shows less efficiency than Acacia Concinna pods. So for 
the synthesis of β-carboline analogues, aqueous extract of Acacia Con
cinna pods are applied. 

For the optimization of reaction, the reaction of tryptamine (1) (1 
mmol) and benzaldehyde (2) (1 mmol) in 5 mL aqueous extract of Acacia 
concinna pods (10% W/V) was conducted by varying temperature from 
25 to 98 ◦C. It was found that 80% of compound 3a was formed after 5.4 
h at 98 ◦C temperature. The same reaction was conducted in different 
concentrations of aqueous extract of Acacia concinna pods as 20, 30, 40, 
and 50% to study the effect of catalyst concentration on yield. The result 
obtained suggested that 20% of the aqueous extract was adequate to get 
the maximum yield of the product 3a (82%) in 5.2 h. However, an in
crease in the concentration of Acacia concinna pods (30%, 40%, and 
50%) did not show much difference in the yields of the final product 
(Table 1) (see Table 2). 

Similarly, the surface tension of the aqueous extract of Acacia con
cinna pods also plays important role in the determination of the rate of 
reaction. It was found that the addition of surfactant in water reduces 

Fig. 1. Some of the potentially active β-carboline derivatives.  
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the surface tension as compared to water (Table 3). Wetting and 
spreading property of surfactant solution increase reaction rate. The 
surface tension and structure of surfactant affects the wetting and 
spreading property of surfactant solution[55,56]. Hence, several re
actions like photochemical, redox, Diels-Alder, enzymatic reactions are 
found to have an increase in the rate of reactions by use of surfactant 
[57]. In addition, the hydrophobic groups of surfactant are sequestered 
in the micelle core[58], which helps in intimate contact with reacting 
species. 

To assess the catalytic efficacy of the aqueous extract of the Acacia 
concinna pods, a model reaction of tryptamine (1) and benzaldehyde (2) 
was carried out in aqueous solutions of various cationic, anionic, and 
non-ionic surfactants such as sodium dodecyl sulphonic acid (SDS), 
triton X-100, cetyl ammonium bromide (CTAB) and CPB. The results 
obtained suggested that aqueous extract of the Acacia concinna pods was 
an excellent medium for the synthesis of ‘3a’over other commercial 
phase transfer catalysts (Table 4). 

The superiority of the aqueous extract of Acacia concinna pods over 
other surfactants inspired us for further investigation of the present 
method for other aldehydes possessing a wide range of substituent 
(Table 5). The appreciable acidity (pH = 4.1) and surfactant properties of 
the aqueous extract of Acacia concinna increase the rate of reaction. The 
saponins present in aqueous extract accelerate the solubility of reactant 

species. This will result in an increased collision between reactant 
molecules. Due to this reactant molecules are encapsulated into the 
micellar cage which drives the equilibrium to the product side by giving 
out water molecule of the hydrophobic interior of the micelle (Fig. 2) 
[59]. The projected mechanism for the synthesis of the β-carboline de
rivatives can involve the iminium-catalysed formation of N-benzylidene- 
2-(1H-indol-3-yl)ethanamine (I), activation by catalyst and ring closure 
giving a six-member ring (II) (Scheme 2)[60]. 

Conclusion 

In conclusion, a greener methodology mediated by an aqueous so
lution of Acacia concinna pods has been reported for the synthesis of 
tetrahydro-β-carbolines in good to excellent yields via Pictet-Spengler 
reaction. The water as reaction medium, short reaction time, high pu
rity of the products, biocompatible catalyst, mild reaction conditions 
and a simple workup procedure are features of the present method. 

Experimental 

General 

Melting points were recorded on Digital Electro thermal Melting 
point apparatus (VEEGO, VMP-DS) and are uncorrected. The reaction 
monitoring was conducted using Thin Layer Chromatography (TLC) 
using pre-coated Silica gel 60 F254 plates with layer thickness 0.25 nm 
purchased from Merck Ltd. TLC plates and were visualized under ul
traviolet light. 1H NMR was recorded on Varian-NMR mercury 400 MHz 
spectrometer using CDCl3 as a solvent. The chemical shifts values (δ) are 
expressed parts per million (ppm). Acacia concinna pods which were 
purchased from the local market were dried well and seeds were 
removed. The fine powder was obtained of Acacia concinna by using 
mortar and pestle. 

General procedure for the preparation of the catalyst 

A mixture of fine powder of Acacia concinna pods (20 g) in water 
(100 mL) in a 250 mL conical flask was heated at 100 ◦C for 20 min. The 
solid material was separated by filtration and the aqueous extract was 
collected as a brown coloured solution having a concentration 20% w/v. 

Scheme 1. Synthesis of terahydro-β-carboline derivatives.  

Table 1 
Effect of different surfactant systems in the synthesis of tetrahydro-β-carbolines.  

Sr. No. Surfactant system (Conc. 10%w/v) Time of reaction (hr) Yield % 

1 Acacia concinna  5.4 80 
2 Balanites aegyptiaca  6.0 75 
3 Jatropha  5.2 78 
4 Sapindus mukorossi  6.5 70  

Table 2 
Optimization of catalyst concentration.  

Entry Catalyst concentration %(W/V) Time (h) Yield(%)a 

1. 10 5.4 80 
2. 20 5.2 82 
3. 30 5.8 80 
4. 40 5.6 78 
5. 50 5.4 75 
6. Water 12 NRb 

aIsolated yield of 3a. bNo reaction  

Table 3 
Effect of surface tension of surfactant solution on rate of reaction.  

Entry Catalyst concentration %(W/ 
V) 

Surface Tension ‘T’ (dyne/ 
cm) 

Time 
(h) 

1. 50  14.22 5.4 
2. 40  19.14 5.6 
3. 30  33.52 5.8 
4. 20  41.01 5.2 
5. 10  47.21 5.4 
6. Water  66.55 –  

Table 4 
Effect of surfactant for the formation of ‘3a’  

Entry Surfactanta Time (hr) Yield (%)b 

1. None 12 NRc 

2. SDS 6.4 66 
3. Triton X-100 5.6 55 
4. CTAB 6.2 50 
5. CPB 6.4 58 
6. Acacia concinna extract 20% (W/V). 5.2 82 
aReaction condition: Trptamine (1 mmol), benzaldehyde (1 mmol), Acacia concinna 

extract (5 mL), 98 ◦C, bIsolated yield. cNo reaction.  
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Table 5 
Synthesis of tetrahydro-β-Carboline derivatives.  

Entry Aldehyde Product  Time (Hr) Yield (%)a M.P. (oC) M.P. (oC)b 

1. 3a 5.2 82 163–164 162–163[61] 

2. 3b 5 86 205–207 206–207[61] 

3. 3d 5.4 78 202–204 203–204[61] 

4. 3e 5.6 76 168–170 169–170[61] 

5. 3f 4.8 88 196–198 198–199[62] 

6. 3g 5.4 84 185–187 183–188[62] 

7. 3h 5.6 78 166–167 167–168[61] 

8. 3i 5 88 134–136 136–138[63] 

9. 3j 5.6 78 191–193 192–193[63] 

10. 3k 5.8 74 211–213 212–213[63] 

(continued on next page) 
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Table 5 (continued ) 

Entry Aldehyde Product  Time (Hr) Yield (%)a M.P. (oC) M.P. (oC)b 

11. 3l 5.2 80 184–186 185–186[63] 

12. 3m 5.4 78 208–210 209–210[63] 

aIsolated yield. bProducts were confirmed by using physical methods for characterization and by comparison with that of reported in literature  

Fig. 2. Micelle-promoted synthesis of tetrahydro-β-Carboline derivatives.  

Scheme 2. Proposed mechanism for formation of tetrahydro-β-carboline derivatives (3).  
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General procedure for the synthesis of tetrahydro-β-Carbolines 
(3a-m) 

A mixture of tryptamine (1 mmol) and aldehyde (1 mmol) in sur
factantmedium (20%, 5 mL) was stirred at about 60 ◦C temperature for 
specified time (Table 5). After completion of the reaction (as indicated 
by TLC), a separated solid was filtered on Buchner funnel. The obtained 
product was washed with 100 mL cold water. The product is thus freed 
from the aqueous extract and further drying the product affords pure 
tetrahydro-β-carbolines products (3a-m) in good yields. 

Spectral data of representative compound 

1-(4-chlorophenyl)-2,3,4,9-tetrahydro-1H-pyrido[3,4-b]indole 
(3b): Yield: 86%; White solid; MP- 205–207 ◦C, LCMS m/z: 282(M+), 
1HNMR (400 MHz, CDCl3): δ 3.00–3.04(m, 2H), 3.79–3.87(m, 2H), 
6.95–6.97(m, 1H), 7.02–7.04(m, 1H), 7.13(br s, 1H), 7.30–7.32(d, 1H), 
7.49–7.51(d, 2H), 7.54–7.56(d, 1H), 7.73–7.75(d, 2H), 8.29(s, 1H), 
10.78 (br s, 1H) ; 13CNMR (100 MHz, CDCl3): δ 23.32, 43.44, 58.16, 
77.67, 78.16, 78.31, 111.24, 111.77, 119.18, 120.36, 122.76, 128.15, 
129.84, 130.78, 134.68, 134.84, 136.81, 141.25. 

1-(4-methoxyphenyl)-2,3,4,9-tetrahydro-1H-pyrido[3,4-b]indole 
(3d): Yield: 78%; White solid; MP- 203–204 ◦C, LCMS m/z: 178(M+), 
1HNMR (400 MHz, DMSO): δ 2.62–2.66 (m, 2H), 2.99–3.02 (m, 1H), 
3.11–3.14 (m, 1H), 3.90 (s, 3H), 5.23 (s, 1H), 5.31 (s, 1H), 6.99–7.00 (m, 
2H), 7.25–7.31 (m, 3H), 7.36–7.41 (m, 3H), 8.14 (s, 1H) ; 13CNMR (100 
MHz, CDCl3): δ 23.57, 43.93, 56.39, 58.52, 77.78, 78.10, 78.42, 111.15, 
111.88, 115.18, 119.26, 120.40, 122.71, 128.47, 130.71, 134.91, 
135.86, 136.88, 160.55. 

Declaration of Competing Interest 

The authors declare that they have no known competing financial 
interests or personal relationships that could have appeared to influence 
the work reported in this paper. 

Acknowledgements 

The authors are very thankful to Principal Dr. P. M. Dighe, Pad
mashri Vikhe Patil College of Arts, Science and Commerce, Pravaranagar 
for providing every required laboratory facility and Prof. C. H. Gill, BSR 
Fellow, Dr. Babasaheb Ambedkar Marathwada University, Aurangabad 
for constant encouragement. 

References 

[1] M. Ghandi, A. Olyaei, S. Raoufmoghaddam, One-pot, three-component uncatalyzed 
quantitative synthesis of new aminonaphthols (Betti bases) in water, Synth. 
Commun. 38 (23) (2008) 4125–4138, https://doi.org/10.1080/ 
00397910802279860. 

[2] K. Gong, Z.-W. He, Y. Xu, D. Fang, Z.-L. Liu, Green synthesis of 5-benzylidene 
rhodanine derivatives catalyzed by 1-butyl-3-methyl imidazolium hydroxide in 
water, Monatshefte Fur Chemie. 139 (8) (2008) 913–915, https://doi.org/ 
10.1007/s00706-008-0871-y. 

[3] M. Zarei, A. Jarrahpour, Green and efficient synthesis of azo schiff bases, Iran. J. 
Sci. Technol. Trans. A Sci. 35 (2011) 235–242. doi: 10.22099/ijsts.2011.2148. 

[4] P.V. Shinde, J.B. Gujar, B.B. Shingate, M.S. Shingare, Silica in water: A potentially 
valuable reaction medium for the synthesis of pyrano[2,3-c]pyrazoles, Bull. Korean 
Chem. Soc. 33 (4) (2012) 1345–1348, https://doi.org/10.5012/ 
bkcs.2012.33.4.1345. 

[5] W. Dehaen, T. Rohand, E. Dolusic, T. Ngo, W. Maes, Efficient synthesis of 
aryldipyrromethanes in water and their application in the synthesis of corroles and 
dipyrromethenes, Arkivoc. 1 (2007) 307–324. http://www.arkat-usa.org/get-file/ 
23285/. 

[6] H.-X. Song, Q.-Y. Han, C.-L. Zhao, C.-P. Zhang, Fluoroalkylation reactions in 
aqueous media: a review, Green Chem. 20 (8) (2018) 1662–1731, https://doi.org/ 
10.1039/C8GC00078F. 

[7] B.B. Kashid, V.M. Gugwad, B.B. Dongare, A.A. Ghanwat, Efficient synthesis of 
pharmaceutically important intermediates via Knoevenagel, aldol type 
condensation by using aqueous extract of Acacia concinna pods as a green 
chemistry catalyst approach, Der Pharma Chem. 9 (2017) 50–71. 

[8] R.S. Keri, A. Hiremathad, S. Budagumpi, B.M. Nagaraja, Comprehensive review in 
current developments of benzimidazole-based medicinal chemistry, Chem. Biol. 
Drug Des. 86 (1) (2015) 19–65, https://doi.org/10.1111/cbdd.12462. 

[9] F. Baldassarre, G. Bertoni, C. Chiappe, F. Marioni, Preparative synthesis of chiral 
alcohols by enantioselective reduction with Daucus carota root as biocatalyst, 
J. Mol. Catal. - B Enzym. 11 (1) (2000) 55–58, https://doi.org/10.1016/S1381- 
1177(00)00189-2. 

[10] Y. Riadi, R. Mamouni, R. Azzalou, R. Boulahjar, Y. Abrouki, M. El Haddad, 
S. Routier, G. Guillaumet, S. Lazar, Animal bone meal as an efficient catalyst for 
crossed-aldol condensation, Tetrahedron Lett. 51 (51) (2010) 6715–6717, https:// 
doi.org/10.1016/j.tetlet.2010.10.056. 

[11] P.V. Shinde, A.H. Kategaonkar, B.B. Shingate, M.S. Shingare, Surfactant catalyzed 
convenient and greener synthesis of tetrahydrobenzo[a]xanthene-11-ones at 
ambient temperature, Beilstein J. Org. Chem. 7 (2011) 53–58, https://doi.org/ 
10.3762/bjoc.7.9. 

[12] D.C.M. Albanese, N. Gaggero, Albumin as a promiscuous biocatalyst in organic 
synthesis, RSC Adv. 5 (14) (2015) 10588–10598, https://doi.org/10.1039/ 
C4RA11206G. 

[13] R. Pal, Fruit Juice: A Natural, Green and Biocatalyst System in Organic Synthesis, 
Open J. Org. Chem. 1 (2013) 47. doi: 10.12966/ojoc.10.02.2013. 

[14] L.P. Wackett, Pseudomonas putida – a versatile biocatalyst, Nat. Biotechnol. 21 (2) 
(2003) 136–138, https://doi.org/10.1038/nbt0203-136. 
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