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ABSTRACT 

 

A study on the potential for agronomic valorisation of Jatropha curcas co-products in rainfed agriculture 

was conducted in Burkina Faso to determine the impacts of compost-based by-products of Jatropha on the 

nutritional quality of the sorghum seeds produced. The effect of 13 composts was evaluated and compared to a 

control. Sorghum seed parameters determined were total phenolics, total flavonoids, starch, total sugars, phorbol 

esters and antioxidant activities measured with DPPH and FRAP protocols. The results have showed a 

statistically significant difference between the treatments for all parameters. Correlations between the different 

parameters mean a simultaneous improving of biochemical parameters of sorghum. The ferric reduction ability 

power was significantly and positively correlated to total phenolics (r = 0.792) and flavonoids (r = 0.602) content. 

The analysis of the main components has enabled the various treatments to be divided into 4 groups. Flavonoid 

content and FRAP activity are closely related to the treatment BM+CP. The treatments for the control group have 

improved total polyphenol content and DDPH activity. The others groups have improved starch and carbohydrate 

content. The phorbol ester dosage revealed no contamination of sorghum seeds. These results suggest that 

Jatropha by-products compost can be used as an alternative or complement to chemical fertilizers for soil fertility 

improvement. 

© 2021 International Formulae Group. All rights reserved. 
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INTRODUCTION 

In recent decades, developing countries 

have significantly experienced increased their 

energy needs for industrial production, 

transportation and comfort (Cao et al., 2016). 

Fossil fuels such as mineralized carbon are 

unsustainable because they are exhaustible and 

above all their combustion produces waste that 

is toxic to the biosphere. Greenhouse gas 

emissions and other harmful gases are 

responsible for pollution and climate change 

(Asif and Muneer, 2007). The current climate 
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variability makes developing countries 

vulnerable to extreme weather events, resulting 

in considerable economic damage (Mirza, 

2003). In Burkina Faso, apart from the 

ecological question, fossil energy is imported 

and in recent years the gradual inflation in 

prices has added further burden on the 

economy. It has therefore become imperative 

to find alternative sources of energy (Hanff et 

al., 2011). In Burkina Faso, oils and biodiesel 

derived from Jatropha curcas have been 

considered as the best alternative to fossil fuel 

to reduce CO2 emissions and provide 

accessible energy to the most vulnerable 

populations (Janin and Ouédraogo, 2009). 

Although Jatropha curcas is not very 

demanding in terms of soil fertility, its 

development requires good management in 

order to avoid the competition for soils 

between food production and energy 

production (Firdaus and Husni, 2012). 

Numerous studies have reported that the 

species does not create competition in the use 

of food as fuel because it is grown in a 

combination of food crops in a corridor without 

harmful competition with cereal crops 

(Bazongo et al., 2015). However, Jatropha 

curcas has always been known for its 

phytoxicity to animals; this has therefore raised 

the question of the possible phytotoxicity of its 

biomass (residual or composted) compared to 

neighbouring cereal plants. 

In sub-Saharan Africa, crop yields are 

limited by many factors, one of which is 

nutrient deficiencies. Soils may have 

inherently low levels of nutrients because of 

low soil organic matter levels and the limited 

use of nutrient inputs by farmers (Bationo et 

al., 2007). Nitrogen (N) and phosphorous (P) 

deficiencies are the main soil fertility 

constraints in most of the soils of West Africa 

(Ouédraogo et al., 2001; Shuaibu et al., 2018). 

In addition, the degradation of these soils 

following natural phenomena (water and/or 

wind erosion) and/or anthropogenic 

phenomena contribute greatly to impoverish 

them more, thus affecting their productivity. 

More than 24% of cultivable soils suffer this 

phenomenon (Somda et al., 2017). To intensify 

agriculture and improve crop yield use of 

mineral fertilizers has to be increased. Mineral 

fertilizers on the other hand are generally costly 

and unavailable to the small-scale farmers. The 

mineral fertilizers even when available could 

have negative impact on the environment if not 

properly used; even as most of the farmers do 

not know how to use them for optimum 

production (Joshi et al., 2014). To remedy this, 

different management methods are adopted 

among them organic fertilizers.  

Organic fertilizers improve soil 

physical and chemical properties by improving 

the stability of soil aggregates, reducing the 

risk of erosion, increasing soil porosity and 

water holding capacity and decreasing soil 

acidification which is important for plant 

growth (Ouédraogo et al., 2001; 

N’Dayegamiye et al., 2005). Addition of 

organic materials of various origin to soil is one 

of the most common strategies to improve soil 

physical properties and the use of compost on 

crops have been reported to improve crop yield 

and quality and play a key role in the 

maintenance of soil productivity (Shuaibu et 

al., 2018). Crop growth, yield and product 

quality in relation to application of different 

organic fertilizers have been widely reported. 

However, the production of organic fertilizers 

is limited by decrease in primary biomass 

production which restricts the burden of 

ruminants and the possibility of produce 

compost (Traore et al., 2015). Faced with this 

situation, the exploration of new sources of 

fertilizers mainly based on by-products from 

agriculture that cannot be used for other 

purposes could be a solution to improve soil 

fertility at a lower cost in Sudanian-Sahelian 

Africa. Among agricultural by-products, those 

of Jatropha curcas are of particular interest 

because, in addition to being available, their 

toxicity makes them unsuitable for 

consumption by livestock (Sama et al., 2018). 

Its leaves, stems, fruit hull and seed oil cake are 

used as potential fertilizer (Derra et al., 2013). 

Also, the different effects of these organic 

fertilisers on the quality of cereals, especially 

sorghum, are to be informed. Jatropha curcas 

contains many molecules, including phorbol 

esters which are known to be toxic to humans 

and animals. It is therefore necessary to 
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confirm the non-contamination of crops 

produced from Jatropha compost (Das and 

Chandran, 2011). 

Sorghum (Sorghum bicolor (L.) 

Moench) is a tropical plant belonging to the 

family of Poaceae and it is the fifth most 

important cereal crop in the world and the 

dietary staple of more than 500 million people 

in more than 30 countries (Kenga et al., 2004). 

Besides being a staple food for human, it serves 

as an important source of feed and fodder for 

animals particularly in semi-arid regions 

(Akinseye et al., 2017). The objective of this 

study is to generate through the evaluation of 

the impact of various compost-based Jatropha 

curcas by-products on the chemical 

composition and antioxidant activities of 

sorghum grains data to prove or otherwise the 

hypothesis of potential soil or cereal poisoning 

by phytotoxins. 

 

MATERIALS AND METHODS 

Experimentation, test plant and treatments 

Presentation of the site and the experimental 

field 

The study was carried out during 2017 

crop year at the experimental site of the 

agricultural research station of Saria (12°16’N 

and 2°9’W) located 25 km east of Koudougou 

(Burkina Faso). It is a Sudano-Sahelian region 

with an average annual rainfall of 800 mm 

from May to October with large inter- and 

intra-annual fluctuations. The average 

temperature is about 30°C per year. Relative 

humidity is less than 20% in the dry season and 

exceeds 60% in the rainy season. 

The experimental field consists of 4 

blocks comprising 14 units plots (13 treatments 

+ 1 control) per block, arranged on an area of 

2519.2 m². The elementary plots are 5.20 m by 

4 m. The treatments are spaced 1 m apart and 

the repetitions separated by 2 m. For each 

treatment, a dose of 5 t/ha corresponding to 

10.4 kg of compost was applied to each unit 

plot at the beginning of the campaign, except in 

the control plot. A control plot was considered 

in each block. After spreading the various 

substrates (composts), a plowing is done with 

cows at 15-20 cm deep. An extended dose of 

NPK is given 15 days after sowing and urea 30 

days after weeding. 

Plant material and treatments 

The culture system set up corresponds 

to a monoculture of sorghum (Sorghum 

bicolor, variety ICSV 1049). Sorghum was 

grown on plots treated with various composts 

in order to compare the effect of these 

composts on the nutritional quality of the seeds 

produced. A total of 14 treatments including 

one control and 13 treatments with Jatropha 

composts was considered. At the end of the 

crop year, seeds from each treatment were 

collected and used as samples for the various 

analyses. The treatments are presented in Table 

1. 

 

Evaluation of chemical compounds and 

antioxidant activities 

Determination of total phenolic and total 

flavonoid contents 

A mass of 500 mg of sorghum seeds 

powder were extracted with 10 mL of 

ethanol/water (80:20 v/v). The mixture was 

shaken for 24 h and centrifuged at 4500 rpm for 

15 minutes. The supernatant was used for the 

quantification of total phenolics and total 

flavonoids contents. The total phenolics and 

total flavonoids contents were determined 

respectively at 760 nm and 415 nm. The total 

phenolics were expressed as µg of gallic acid 

equivalent per mg of seeds (µg GAE/mg of 

seeds) and total flavonoids expressed as µg of 

quercetin equivalents per mg of seeds (µg 

QE/mg of seeds) (Sama et al., 2018). 

Estimation of carbohydrates content 

A mass of 500 mg of sorghum seed 

powder was homogenized in 5 mL of 80% hot 

ethanol. The homogenate was centrifuged at 

4500 rpm for 10 min after cooling. The 

supernatant was used to estimate the 

carbohydrate content of seeds at 490 nm using 

the phenol-sulfuric acid method. The total 

sugars content was expressed as µg glucose 

equivalent per gram of seeds weight (µg 

GE/mg of seeds) (Dubois et al., 1956).  

Estimation of starch content 

A mass of 100 mg of sorghum powder 

was homogenized with 5 mL KOH, 1 N room 

temperature and then neutralized with 5 mL 
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HCl, 1 N and boiled in a water bath for 15 min 

then readjusted to 10 mL. After cooling in a 

water bath at 25°C for 15 minutes, the mixture 

was centrifuged and supernatant collected. 125 

µL of extract (supernatant) was mixed with an 

equal volume of reagent I2/KI and the 

absorbance read at 580 nm. The starch content 

of the seeds is determined using a reference 

curve made with starch (0-2.5 mg/mL) (Jarvis 

and Walker, 1993).  

Determination of phorbol esters content 

The phorbol esters in sorghum seeds 

was determined by the HPLC method (Makkar 

et al., 1997). The sample was extracted with 

methanol followed by centrifugation. The 

separation at room temperature (22°C), with an 

analytical column C18 (250 x 4 mm), at the 

same flow rate of 1.3 mL/min using an elution 

gradient composed of three solvents: (A) O-

phosphoric acid (85%), (B) acetonitrile and (C) 

tetrahydrofuran. Peaks of phorbol esters are 

detected at 280 nm. The results were expressed 

as phorbol-12-myristate 13-acetate. 

Evaluation of antioxidant activity  

A mass of 500 mg of sorghum seeds 

powder was extracted with 10 mL of 

ethanol/water (80:20 v/v). The mixture was 

shaken for 24 h and centrifuged at 4500 rpm for 

15 minutes. The supernatant was used to 

estimate the antioxidant activities (Sombié et 

al., 2019). 

 Ferric reducing antioxidant power (FRAP) 

assay: The ability of sorghum seeds 

extracts to reduce iron (III) to iron (II) was 

measured at 700 nm using the method 

described by Sombié et al. (2011). Iron 

(III) reducing activity was expressed in µg 

of ascorbic acid equivalents per gram of 

seeds (µg AAE/mg of seeds).  

 DPPH (2,2-diphenyl-1-picrylhydrazyl) 

radical scavenging activity : The ability of 

sorghum seeds extracts to scavenge the 

DPPH radical was evaluated at 517 nm as 

described by (Sombié et al., 2011). The 

means of three values were expressed as 

µg of ascorbic acid equivalents per gram 

of seeds (µg AAE/mg of seeds). 

 

Statistical analyses 

All experiments were repeated three 

times with four replicates per treatment for 

sorghum seeds production. The data collected 

by MS Excel software were subjected to 

analysis of variance (ANOVA) using XL-Stat 

2016 software. The Newman-Keuls multiple 

rank test at the 5% threshold was used to 

separate the means.

 

Table 1: List of applicated treatments. 

 

Codes Treatments 

G_S Jatropha pod alone 

G+CP Jatropha pod + Compost plus 

G+BV Jatropha pod + Cow dung 

T_S Jatropha cake alone 

T+CP Jatropha cake + Compost plus 

T+BV Jatropha cake + Crow dung 

P+CP Straw of sorghum + Compost plus 

P_S Straw of sorghum alone 

G+DA Jatropha pod + Slaughterhouse waste 

T+DA Jatropha Cake + Slaughterhouse waste 

BM_S Biomass of Jatropha alone 

BM+CP Biomass of Jatropha + Compost plus 

BM+BV 

Control 

Biomass of Jatropha + Cow dung 

No compost added 
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RESULTS 

Carbohydrates and starch contents of 

sorghum seeds 

The results revealed significant 

variation between control and all treatments 

(Figure 1). The different contents are ranged 

from 0.18 ± 0.02 to 3.10 ± 0.22 µg GE/mg dry 

weight of seed powder. The highest value was 

recorded at the treatment T_S while the lowest 

was recorded at the treatment P+CP. In 

addition, treatment T_S, T+CP, T+DA, T+BV, 

G+DA and BM+BV presented highest content 

compared to the control. The treatment P_S 

was not significantly different from the control. 

The other treatments presented lowest values 

compared to the control. 

The results show a significant variation 

in seed starch content according to the 

treatments (Figure 2). In addition, the treatment 

P_S had the highest value while the treatment 

BM+CP had the lowest. The treatments G+BV, 

T_S, T+DA, BM_S and BM+CP presented 

lowest contents and P+CP presented no 

significant difference compared to the control. 

The others all treatments improved starch 

content compared to the control. 

 

Phorbol esters contents of sorghum seeds 

The presence of phorbol ester 

determines whether the sorghum could be 

consumed by humans or not. The Figure 3 

shows the chromatograms of the samples 

analysed. Peaks of phorbol esters (three types) 

appear under between 26 and 31 minutes and 

are detected at 280 nm. The results were 

expressed as phorbol-12-myristate 13-acetate 

(appearing between 34 and 36 minutes). 

Qualitative identification of phorbol esters in 

sorghum seeds and in the different compost 

treatments (Table 2) reveal that phorbol esters 

are absent in all the samples of sorghum seeds. 

The same is true for composts based on 

Jatropha cakes. 

 

Total phenolics and total flavonoids 

contents of sorghum seeds 

The total phenolics and flavonoids 

contents of the sorghum of the different 

treatments are presented in Figures 4 and 5 

respectively. The results show significant 

difference between treatments in the two 

parameters studied. Excepted the treatment 

G_S (24.46 ± 0.37 µg GAE/mg of seeds) which 

obtained the highest total phenolics content, 

there were lower total phenolic contents in all 

other treatments compared to the control (22.40 

± 0.18 µg GAE/mg of seeds). The lowest value 

was recorded with treatment P_S (17.62 ± 0.33 

µg GAE/mg of seeds).  

Concerning total flavonoids, treatments 

obtained by adding compost+ (G+CP, T+CP 

and BM+CP) showed the best contents 

compared to the control (0.17 ± 0.01 µg QE/mg 

of seeds). The lowest values were recorded 

with treatment P_S (0.09 ± 0.01 µg QE/mg) of 

seeds. G+CP, T+CP and BM+CP seeds had 

higher flavonoid levels than the control while 

the values recorded with the other treatments 

were lower than the control. 

 

Antioxidant activities of sorghum seeds 

The Ferric Reducing Antioxidant Power 

(FRAP) Assay of the seeds of the different 

treatments is presented in Figure 6. The results 

show a significant difference according to the 

treatments. The control treatment presented a 

high ability (1.66 ± 0.01 µg AAE/mg of seeds) 

for ferric reducing compared to the other 

treatments, except for treatments G_S (1.67 ± 

0.01 µg AAE/mg of seeds) and BM+CP (1.69 

± 0.01 µg AAE/mg of seeds), which have been 

more effective. The G_S and BM+CP 

treatments were the only treatments with 

higher activity for ferric reducing activity 

power. 

For DPPH Radical Scavenging Activity 

(Figure 7), only BM+CP presented higher 

activity compared to the control. Other 

treatments did not improve the antioxidant 

activity of sorghum seeds in this test compared 

to control. 
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Values that have the same subscript are not significantly different according to the Newman-Keuls test at the 5% level. 

Legend: G_S (Jatropha pod alone), G+CP (Jatropha pod + Compost+), G+BV (Jatropha pod + Cow dung), T_S (Jatropha 

cake alone), T+CP (Jatropha cake + Compost+), T+BV (Jatropha cake + Crow dung), P+CP (Straw of sorghum + Compost+), 

P_S (Straw of sorghum alone), G+DA (Jatropha pod + Slaughterhouse waste), T+DA (Jatropha cake + Slaughterhouse waste), 

BM_S (Biomass of Jatropha alone), BM+CP (Biomass of Jatropha + Compost+), BM+BV (Biomass of Jatropha + Cow 

dung) 

Figure 1: Carbohydrates contents. 

 

 

 
Values that have the same subscript are not significantly different according to the Newman-Keuls test at the 5% level. 

Legend: G_S (Jatropha pod alone), G+CP (Jatropha pod + Compost+), G+BV (Jatropha pod + Cow dung), T_S (Jatropha 

cake alone), T+CP (Jatropha cake + Compost+), T+BV (Jatropha cake + Crow dung), P+CP (Straw of sorghum + Compost+), 

P_S (Straw of sorghum alone), G+DA (Jatropha pod + Slaughterhouse waste), T+DA (Jatropha cake + Slaughterhouse waste), 

BM_S (Biomass of Jatropha alone), BM+CP (Biomass of Jatropha + Compost+), BM+BV (Biomass of Jatropha + Cow 

dung) 

Figure 2: Starch contents. 
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Figure 3: Chromatograms of the analysed samples. 

 

Table 2: Matrix of presence/absence of phorbol esters. 

 

Treatments Presence/Absence of phorbol esters 

Determined phorbol esters C1 C2 C3 

JCL cake (positive control) + + + 

Compost based on JCL cake - - - 

G_S - - - 

G+CP - - - 

G+BV - - - 

T_S - - - 

T+CP - - - 

T+BV - - - 

P+CP - - - 

P_S - - - 

G+DA - - - 

T+DA - - - 

BM_S - - - 

BM+CP - - - 

BM+BV 

Control 

- 

- 

- 

- 

- 

- 

Legend :(+) or (–) mean presence or absence of phorbol esters; C1, C2 and C3: characterised forms of phorbol esters 
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Values that have the same subscript are not significantly different according to the Newman-Keuls test at the 5% level. 

Legend: G_S (Jatropha pod alone), G+CP (Jatropha pod + Compost+), G+BV (Jatropha pod + Cow dung), T_S (Jatropha 

cake alone), T+CP (Jatropha cake + Compost+), T+BV (Jatropha cake + Crow dung), P+CP (Straw of sorghum + Compost+), 

P_S (Straw of sorghum alone), G+DA (Jatropha pod + Slaughterhouse waste), T+DA (Jatropha cake + Slaughterhouse waste), 

BM_S (Biomass of Jatropha alone), BM+CP (Biomass of Jatropha + Compost+), BM+BV (Biomass of Jatropha + Cow 

dung) 

 

Figure 4: Total phenolics content. 

 

 
Values that have the same subscript are not significantly different according to the Newman-Keuls test at the 5% level. 

Legend: G_S (Jatropha pod alone), G+CP (Jatropha pod + Compost+), G+BV (Jatropha pod + Cow dung), T_S (Jatropha 

cake alone), T+CP (Jatropha cake + Compost+), T+BV (Jatropha cake + Crow dung), P+CP (Straw of sorghum + Compost+), 

P_S (Straw of sorghum alone), G+DA (Jatropha pod + Slaughterhouse waste), T+DA (Jatropha cake + Slaughterhouse waste), 

BM_S (Biomass of Jatropha alone), BM+CP (Biomass of Jatropha + Compost+), BM+BV (Biomass of Jatropha + Cow 

dung) 

Figure 5: Total flavonoids content. 
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Values that have the same subscript are not significantly different according to the Newman-Keuls test at the 5% level. 

Legend: G_S (Jatropha pod alone), G+CP (Jatropha pod + Compost+), G+BV (Jatropha pod + Cow dung), T_S (Jatropha 

cake alone), T+CP (Jatropha cake + Compost+), T+BV (Jatropha cake + Crow dung), P+CP (Straw of sorghum + Compost+), 

P_S (Straw of sorghum alone), G+DA (Jatropha pod + Slaughterhouse waste), T+DA (Jatropha cake + Slaughterhouse waste), 

BM_S (Biomass of Jatropha alone), BM+CP (Biomass of Jatropha + Compost+), BM+BV (Biomass of Jatropha + Cow 

dung) 

Figure 6: Ferric Reducing Antioxidant Power (FRAP) Assay. 

 

 

 
Values that have the same subscript are not significantly different according to the Newman-Keuls test at the 5% level. 

Legend: G_S (Jatropha pod alone), G+CP (Jatropha pod + Compost+), G+BV (Jatropha pod + Cow dung), T_S (Jatropha 

cake alone), T+CP (Jatropha cake + Compost+), T+BV (Jatropha cake + Crow dung), P+CP (Straw of sorghum + Compost+), 

P_S (Straw of sorghum alone), G+DA (Jatropha pod + Slaughterhouse waste), T+DA (Jatropha cake + Slaughterhouse waste), 

BM_S (Biomass of Jatropha alone), BM+CP (Biomass of Jatropha + Compost+), BM+BV (Biomass of Jatropha + Cow 

dung) 

Figure 7: DPPH Radical Scavenging Activity. 
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DISCUSSION 

Carbohydrates and starch contents of 

sorghum seeds 

Carbohydrate and starch contents in 

sorghum seeds were significantly higher with 

the application of some of the applied compost 

compared to the control. However, some of the 

applied compost showed decreases in the 

parameters evaluated compared to control. The 

improvement in the content of the chemical 

compounds indicates the beneficial role of the 

compost in improving the content of these 

interest compounds (Geng et al., 2019; 

Palansooriya et al., 2020). The highest 

carbohydrate contents were produced in plants 

treated by compost based on Jatropha cake 

alone. These results could be supported by the 

Carbon/Nitrogen balance hypothesis. When 

nitrogen is quickly available, plants trend 

primarily to make high nitrogen-content 

containing compounds (for example, proteins 

for growth) (Sarwar et al., 2019). But, when 

nitrogen availability is reduced, plants would 

make more carbon-containing compounds such 

as carbohydrates, starch and cellulose (Horner 

et al., 1988). 

 

Phorbol esters contents of sorghum seeds 

The absence of phorbol esters in 

composts and sorghum seeds could be 

explained by their degradation by microbial 

organisms during the composting process. 

Phorbol esters are completely biodegraded by 

certain microorganisms, soil moisture and 

temperature (Devappa et al., 2010). This 

corroborates other reports that there is no risk 

of crop contamination by phorbol esters 

(Nesseim, 2017). This study revealed that a 

biological treatment combined with heat 

treatment was able to degrade phorbol esters.  

 

Total phenolics and total flavonoids 

contents of sorghum seeds 

Phenolic and flavonoid contents were 

affected by the different compost in this study. 

The phenolic contents of seeds are linked to 

environmental conditions (Salazar-López et 

al., 2018). The application of some compost 

increased the production of phenolics and 

flavonoids contents  (Lakhdar et al., 2011; 

Giménez et al., 2020). The availability of 

nitrogen should influence the amounts of 

phenolics more strongly than terpenoids 

because phenolics are produced in the same 

shikimic acid pathway as aromatic amino acids 

as suggested previously. Therefore, it can be 

suggested that the concentration phenolics in 

plants are decreased at high nitrogen 

availability and vice versa. The reductions in 

the flavonoids and total phenolic contents 

observed could be attributed to the competition 

for phenylalanine which is either used to 

synthesize phenolic compounds or some others 

compounds such as proteins (Olarewaju et al., 

2018). As protein accumulates due to higher 

concentration of nitrogen, the level of phenolic 

compounds is reduced for a certain amount of 

phenylalanine (Kováčik et al., 2007; Elhanafi 

et al., 2019). 

 

Antioxidant activities of sorghum seeds 

The different treatments did not 

improve the antioxidant activities of sorghum 

seeds. Indeed, apart from the treatments G_S 

and BM+CP for ferric reducing ability and 

BM+CP for DPPH radical scavenging assay, 

which presented statistical high activities from 

control, the other treatments presented 

generally low or identical antioxidant activities 

from the control. That means that in this study 

there was no contribution of the different 

compost in improving the sorghum 

antioxidants activities.  The findings are in 

contrast with Sarwar et al. (2019) that reported 

the application of organic manure (compost) 

increased the radical scavenging activity in 

Moringa oleifera but reduced significantly by 

the application of inorganic fertilizer. The 

usage of compost could enhance the production 

of secondary metabolites and improve 

antioxidant activities (DPPH and FRAP) of 

Labisia pumila herb (Ibrahim et al., 2013). This 

may be due to the difference in plants species, 

type of fertilizer, the origin of the compost 

applied and the local environmental stresses 

(biotic or abiotic). 

 

Correlations  

The matrix showing the correlations 

between chemical compounds and antioxidant 
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activities of sorghum seeds are presented in 

Table 3. The results showed that the ferric 

reducing ability power was significantly and 

positively correlated to the total phenolics 

content (r = 0.792) and flavonoids (r = 0.602) 

content. The analysis of the main components 

(Figure 8) has enabled the various treatments to 

be divided into 4 groups. Group 1 includes, in 

addition to the control treatment, the treatments 

G_S, G+CP and P+CP. Group 2 consists of the 

treatments G+BV, P_S, BM_S and BM+BV. 

The treatments T_S, T+CP, T+BV, G+DA, 

T+DA constitute the group 3 while the 

treatment BM+CP constitutes the 4th group. 

The biplot (axes F1 and F2: 63%) shows that the 

flavonoid content and the reducing power of 

iron 3 are closely related to the BM+CP 

treatment. Also, the treatments of the control 

group improved the total polyphenol content 

and the DDPH activity. Group 2 and 3 

treatments improved the starch and 

carbohydrate content respectively. 

Similar results were reported in the 

work on effect of organic and NPK Fertilizers 

on biochemical components and antioxidant 

properties of Cowpea (Vigna unguiculata L. 

Walp.), revealed correlations between some 

evaluated parameters and also distinguished 

different group of fertilizers with different 

characteristics (Sombié et al., 2019). Treatment 

with Group I fertilizers strongly improved 

lycopene, β-carotene and total chlorophyll 

contents, height and number of branches. 

Which of Group II were highly linked to FRAP 

and DPPH activities and protein content, while 

fertilizers of Group III strongly improved to 

salicylic, soluble sugar, phenolics and 

flavonoids contents and trypsin inhibition 

activities.

 

Table 3: Matrix of correlations of the different measured parameters. 

 

Variables 
Carbohydrates 

(µg EG/mg) 

Starch 

(µg 

SE/mg) 

Total 

phenolics (µg 

GAE/mg) 

Total 

flavonoids 

(µg QE/mg) 

FRAP 

(µg 

AAE/mg) 

DPPH 

(µg 

AAE/mg) 

Carbohydrates 

(µg EG/mg) 
1           

Starch 

(µg SE/mg) 
0.097 1     

Total phenolics 

(µg GAE/mg) 
-0.274 -0.052 1    

Total flavonoids 

(µg QE/mg) 
-0.206 -0.294 0.492 1   

FRAP 

(µg AAE/mg) 
-0.354 -0.380 0.792 0.602 1  

DPPH 

(µg AAE/mg) 
-0.246 -0.058 0.246 -0.085 0.224 1 

Values in bold are significance different at alpha=0.05 

Legend: FRAP (Ferric Reducing Antioxidant Power), DPPH (2,2-diphenyl-1-picrylhydrazyl), GAE (Gallic Acid Equivalent), 

QE (Quercetin Equivalent), AAE (Ascorbic Acid Equivalent), GE (Glucose Equivalent), SE (Starch Equivalent) 
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Legend: G_S (Jatropha pod alone), G+CP (Jatropha pod + Compost+), G+BV (Jatropha pod + Cow dung), T_S (Jatropha 

cake alone), T+CP (Jatropha cake + Compost+), T+BV (Jatropha cake + Crow dung), P+CP (Straw of sorghum + Compost+), 

P_S (Straw of sorghum alone), G+DA (Jatropha pod + Slaughterhouse waste), T+DA (Jatropha cake + Slaughterhouse waste), 

BM_S (Biomass of Jatropha alone), BM+CP (Biomass of Jatropha + Compost+), BM+BV (Biomass of Jatropha + Cow 

dung) 

Figure 8:  Principal components analysis of the different evaluated parameters. 

 

 

Conclusion 

This study evaluated the nutraceutical 

properties of sorghum seeds by application of 

various compost-based by-products of 

Jatropha curcas. The results have showed 

positive and significant correlations between 

ferric reduction ability and total phenolics on 

one hand and total flavonoids on the other. 

The correlations between these different 

parameters are important for simultaneously 

improvement biochemical and phytochemical 

parameters of sorghum seeds. Principle 

components analyses allowed classification of 

the different treatments into 4 groups, each 

group being specific for improving the content 

of biochemical molecules and/or antioxidant 

activity in sorghum seeds. 
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