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Abstract

Dry leaves of quinoa (Chenopodium quinoa Willd.) were extracted in methanol and its n-butanol
fraction was separated. Solvent was evaporated and antifungal bioassays were carried out against
Macrophomina phaseolina using different concentrations (1.562, 3.125, 6.25, 12.50, 25, 50, 100, 200 mg/ml)
of the extract in malt extract broth. The entire set of concentrations significantly controlled the fungal growth.
The lowermost concentration of the extract (1.562 mg/ml) reduced M. phaseolina biomass by 62% over
control while all other concentrations completely controlled fungal growth. GC-MS analysis showed that
there were 20 compounds in this fraction. Stigmasta-7,16-dien-3-ol was the predominant compound with
peak area of 15.14% followed by 1-butanol, 3-methyl- (11.87%), B-sitosterol (9.93%), y-sitosterol (8.84%),
butane, 2-[1-methylethyl) thio]- (6.51%), cyclohexane, 1,1-dimethoxy- (6.27%), stigmasterol (5.98%) and
stigmastanol (4.57%). The compounds such as 1-butanol, 3-methyl-; y-sitosterol and stigmasterol present in
n-butanol fraction of methanolic leaf extract of quinoa are highly and likely to be responsible for antifungal
activity against M. phaseolina.

Introduction

The soil-borne fungal pathogen Macrophomina phaseolina causes diseases in more than 500
host plant species in tropical, subtropical, semi-arid and arid areas of the globe (Rayatpanah et al.
2012). In Pakistan, it has 67 economically important host plant species including mungbean,
mashbean, soybean, sunflower, sorghum, maize, linseed, chickpea and alfalfa (Pawlowski et al.
2015, Javaid et al. 2017). The observed disease symptoms are visible in lateral and main roots of
crop plants with distal portions black in color. As the disease progresses, it provokes the root
system destruction along with chlorosis, growth losses, withering, and ultimately death of the host
plants (Khan et al. 2019).

Fungicides are considered as one of the most important methods against the fungal attacks for
protecting the crop plants. However, most of the fungicides are toxic in nature and pollute the
environment, so a possible alternative way out to solve the problem is the use of readily available
natural compounds from plants (Mitrani et al. 2018). This strategy is useful for protecting plants
against the resistance development in pathogenic fungal populations and to provide a cheap
alternate to the poor rural farmers (Ncama et al. 2019). Plants are the most important source of
chemical compounds. There is growing evidence that these compounds when applied on other
plants, they can protect the plant from the pathogens. In the search of environmentally safer,
selective and durable natural pesticides, structural identification of these compounds is required
(Hossain et al. 2019). Several scientists have provided evidences that many of the plant species
possess antifungal properties (Sana et al. 2017, Javaid et al. 2018, Shoaib et al. 2018, Sajeena
etal. 2019).

Members of family Chenopodiaceae are known to possess antifungal properties against M.
phaseolina and other fungal pathogens (Javaid and Amin 2009, Ali et al. 2017). Quinoa
(Chenopodium quinoa) belongs to Chenopodiaceae family and is known as a pseudo-cereal crop
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of South America recently introduce in Europe, North America, Asia and Africa. It is becoming a
high value crop because of its remarkable tolerance to heat, drought and salinity (Hinojosa et al.
2019, Manaa et al. 2019). It is a natural food source for humans because of its high quality and
nutrition values (Hernandez-Ledesma 2019). In the recent years, trials have been conducted for its
cultivation in Pakistan. Hopefully, in near future a significant biomass of quinoa will be available
after its harvest in Pakistan. Among other uses of this biomass, being a member of an antifungal
family Chenopodiaceae, it may be used as soil amendment to control plant pathogens. Therefore,
this study was carried out to explore antifungal activity of n-butanol fraction of methanolic leaf
extract of quinoa against M. phaseolina.

Materials and Methods

Methanolic extract of quinoa was prepared by exhaustively extracting coarsely powdered
shade dried leaves (2 kg) with methanol (6 litre) at room temperature for 14 days. After coarse
filtration by muslin cloth, the extract was filtered using filter papers and was concentrated by
recovering the solvents under reduced pressure using a rotary evaporator at 45°C that yielded 178
g of gummy biomass. Then the resulting crude extract was suspended in 200 ml of distilled water,
and the resultant was successively subjected to fractionation process in a separating funnel using
different organic solvents beginning with n-hexane (4 x 500 ml). The remaining aqueous phase
was partitioned with chloroform (500 ml), ethyl acetate (500 ml), and n-butanol (500 ml). Among
these solvents, n-butanol was evaporated to obtain n-butanol extract (Akhtar and Javaid 2018).
The in vitro biological activity of n-butanol fraction was assessed against M. phaseolina. Out of
the n-butanol extract, 1.2 g was added to 1 ml of dimethyl sulphoxide (DMSO) followed by the
addition of 5 ml of malt extract to prepare 200 mg/ml concentration stock solution and divided
into two aliquots. One aliquot was used for further serial dilution to make the lower concentrations
viz., 100, 50, 25, 12.5, 6.25, 3.125, 1.562 mg/ml and the other one was used to evaluate extract
bio-efficacy. Control treatment was prepared by adding 5 ml of ME broth and 1 ml of DMSO in
pre-sterilized glass test tubes and serially double diluted. Inoculum of M. phaseolina was prepared
from 8-day-old culture in autoclaved distilled water. The assay was performed by adding 50 pl
aliquots of the inoculum in each test tube and left to stand for 7 days at 28°C. Fungal biomass was
filtered and weighed after seven days of incubation (Shafique et al. 2016). Three replicates of each
treatment were run simultaneously in a completely randomized design. All the data were analyzed
by ANOVA followed by LSD test (p < 0.05) using computer software Statistix 8.1.

Results and Discussion

n-Butanol faction was found highly antifungal against the fungal pathogen. The lowermost
concentration (1.562 mg/ml) significantly suppressed fungal biomass by 62% over control. All
other concentrations completely controlled (100%) fungal growth (Fig. 1). Earlier, Stuardo and
Martin (2008) reported that quinoa extract suppressed mycelial growth of Botrytis cinerea.
Furthermore, antifungal activity of the extract was increased by treating them with alkali.
Likewise, Glen-Karolczyk (2016) found aqueous extracts of different parts of quinoa highly
antifungal against mycelial growth and sporulation of various phytopathogenic fungi, namely
Sclerotinia sclerotiorum, Rhizoctonia solani, Botrytis cinerea and Fusarium poae. Antifungal
activity of quinoa may be attributed to presence of various phenolics, flavonoids and saponins
(Stuardo and Martin 2008, Miranda et al. 2014).

Twenty compounds were present in n-butanol fraction as revealed by GC-MS analysis (Figs.
2 and 3, Table 1). The most abundant compound was stigmasta-7,16-dien-3-ol followed by 1-
butanol, 3-methyl- with 15.14 and 11.87% peak areas, respectively. The 2nd most abundant
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compound 1-butanol, 3-methyl- was also a major constituent of the mixture of volatile organic
compounds (VOCs) of Saccharomyces cerevisiae with antimicrobial activity against many
phytopathogens. A dose >1 ul/ml of this compound completely inhibited in vitro growth of
Colletotrichum acutatum and C. gloeosporioides, the cause of anthracnose disease of guava
(Rezende et al. 2015). Likewise, the VOCs of endophytic Diaporthe strains EC-4 were effective
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Fig. 1. Effect of different concentrations of n-butanol and aqueous fractions of methanolic leaf extract of
Chenopodium quinoa on biomass of Macrophomina phaseolina. Vertical bars show standard errors of
means of four replicates. Values with different letters at their top show significant difference (p < 0.05) as
determined by LSD test.
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Fig. 2. GC-MS chromatogram of n-butanol fraction of methanolic leaf extract of Chenopodium quinoa.

against oomycete Phytophthora cinnamomi possibly because of presence of 1-butanol, 3-methyl-
(Yan et al. 2018). Other compounds present in high abundance in the present study were
B-sitosterol (9.93%) and y-sitosterol (8.84%). Among these, y-sitosterol was previously identified
in Saccostrea glomerata and was found to possess fungicidal properties against various fungal
species (Karthikeyan et al. 2014). Likewise, B-sitosterol exhibited antifungal activity against
Candida albicans (Moshi et al. 2004).
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Fig. 3. Structures of compounds identified in n-butanol fraction of methanolic leaf extract of
Chenopodium quinoa through GC-MS.

Moderately abundant compounds included butane, 2-[1-methylethyl) thio]- (6.51%), cyclohe-
xane, 1,1-dimethoxy- (6.27%), and stigmasterol (5.98%). Among these, earlier stigmasterol
isolated from bark of Neocarya macrophylla showed antifungal activity against Candida krusei
and C. albicans with MIC values of 12.5 - 50 pg/ml as compared to MIC value of 5 pg/ml of
standard antifungal agent fluconazole (Yusuf et al. 2018). Compounds, namely stigmastanol
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(4.57%), 9,12-octadecadienoic acid (Z,2)- (4.42%), benzyl.beta.-d-glucoside (3.56%), 2-heptenoic
acid, methyl ester (3.24%), phenol, 4-chloro- 2 methyl- (3.23%), tridecane (2.74%), dodecane
(2.63%), 2-butenedioic acid (Z)-, bis(1-methylpropyl)ester (2.26%), phosphine, (1,1-dimethylethyl)
methyl(1-methylethyl)- (2.13%) and 1,2-benzenedicarboxylic acid, diisooctyl ester

Table 1. List of compounds in n-butanol fraction of methanolic leaf extract of Chenopodium quinoa
identified by GC-MS analysis.

Sl Names of compounds Molecular Molgcular Retentign Peak area
No. formula weight  time (min) (%)
1  Butane, 2-[1-methylethyl) thio]- C;H16S 132 2.333 6.51
2 Cyclohexane, 1,1-dimethoxy- CgH160, 144 2.460 6.27
3 1-butanol, 3-methyl- CsH1,0, 116 2.982 11.87
4 Dodecane CioHog 170 3.291 2.63
5  2-heptenoic acid, methyl ester CgH140, 142 3.592 3.24
6  Tridecane Ci3Hog 184 3.822 2.74
7 Phenol, 4-chloro- 2 methyl- C,H,ClO 142 3.977 3.23
8  Pyridine, 3-(1-methyl-2-pyrrolidinyl), (S)- C1oH14N, 162 4.216 1.54
9  Tetradecane CisHzo 198 4.360 1.52
10  2-butenedioic acod (Z)-, bis(1-methylpropyl) ester  C1,H204 228 4.691 2.26
11 Phosphine, (1,1-dimethylethyl) methyl(1-methylethyl)-  CgH1oP 146 4.748 2.13
12  Pentadecanoic acid Ci5H300, 242 7.065 1.57
13  Stigmasterol CxH4s0 412 7.631 5.98
14 9,12-Octadecadienoic acid (Z,2)- C15H3,0, 280 7.793 4.42
15 Benzyl beta-d-glucoside C13H1506 270 8.444 3.56
16  Stigmasta-7,16-dien-3-ol CxH4s0 412 9.350 15.14
17  y-sitosterol CyHz5,0 414 9.452 8.84
18  p-sitosterol CxH5,0 414 9.546 9.93
19  1,2-Benzenedicarboxylic acid, diisooctyl ester CoH350, 390 9.743 2.08
20  Stigmastanol CyH5,0 416 9.767 4.57

(2.08%) were less abundant. Three compounds, namely pentadecanoic acid (1.57%), pyridine, 3-(1-
methyl-2-pyrrolidinyl), (S)- (1.54%), and tetradecane (1.52%) were least abundant as shown in
Table 1 and Fig. 3. Among the less and least abundant compounds, tridecane, tetradecane and 1,2-
benzenedicarboxylic acid, diisooctyl ester are known to possess antifungal activity against a variety of
fungal species (Ozdemir et al. 2004, Shafiqur-Rehman and Anwar 2006, Begum et al. 2016).

It is concluded that 3.125 mg/ml concentration of n-butanol fraction of methanolic leaf extract
of Chenopodium quinoa can completely control the growth of M. phaseolina. 1-Butanol, 3-
methyl-; y-sitosterol and stigmasterol were possibly be the major constituents of this fraction
responsible for antifungal activity.
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