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Abstract

:

Moringa oleifera is a highly versatile plant with potential use in the agro-food and biochemical industry. The goals of this study were to evaluate the effect of chemical fertilization and vermicompost on plant growth, and to analyze the metabolomic profile of M. oleifera crops cultivated over agricultural and native soils. The extracts were obtained from 90-day-old leaves via extraction with a hydroalcoholic mixture. Multivariate data analyses, such as principal component analysis (PCA) and partial least square-discriminant analysis (PLS-DA), were used to differentiate the distribution of leaf metabolites according to the soils or types of fertilizers used for the cultivation of Moringa oleifera. The results indicated that there was no significant effect on parameters such as plant height, root length and dry weight of leaves (p < 0.05). UPLC-ESI-MS/MS analysis of leaf extracts revealed a wide range of flavonoids, alkaloids and organic acids. The results of PCA and PLS-DA confirmed that the type of fertilizer had an effect on the metabolomic profile of M. oleifera leaves. The application of vermicompost induced changes in the metabolomic profile, but not in the morphometric variables of Moringa oleifera. These results are important for metabolite production via organic cultures and over different soil types in the industrialization of Moringa.






Keywords:


secondary metabolite; Moringa; agriculture soil; leaves; UPLC-ESI-MS/MS












1. Introduction


According to the Food and Agriculture Organization of the United Nations (FAO), one of the main challenges to be met in the future is the eradication of hunger worldwide [1]. For this reason, agriculture plays a very important role in combatting this problem. However, there is a worldwide increase in food demand, while primary resources in agriculture, such as soil and water, are rapidly lost. Therefore, agriculture should be an activity that safeguards organic matter in the soil and improves the conditions of those that have already been degraded to generate more arable land [2]. However, intensive agricultural practices negatively affect soil quality, as monocultures are sown for many seasons and agricultural inputs, such as chemical fertilizers, pesticides and herbicides, are used with the aim of increasing yields [3]. Therefore, the use of organic inputs, such as vermicompost, can provide benefits for both plants and soil in order to improve soil fertility [4,5]. It has been found that organic supplies also provide growth-promoting hormones (auxins, gibberellins and cytokinins), which improve crop yield. The high content of organic acids in vermicompost, such as humic and fulvic acids, has proven to be effective in increasing yields in many crops, e.g., corn and oats, tobacco roots, soybeans, peanuts, among others [6,7,8].



On the other hand, the use of some plants with specific characteristics has been proposed, with the intention of solving problems due to food shortages in many parts of the world. Plants with high protein content that are capable of providing vitamins and minerals to complement a diet and to improve the nutrition of people are being put forward. Moringa oleifera is a native plant to Southern Asia and is the most widely cultivated species of the Moringa genus. Most parts can be used as food, as they are a high source of protein, essential amino acids, minerals and vitamins [9,10]. It is a multipurpose tree with important economic value around the world, as its leaves, flowers and seeds can be used by the agro-food and biochemical industries. It is used as a foodstuff, biopesticide, green manure, natural coagulant for turbid water, plant growth enhancer and is potentially a resource for biodiesel production [11]. It has also been reported that its leaves are rich in essential amino acids, antioxidants, minerals and vitamins [12,13].



Moringa growers have found that some of the plant’s main properties include adapting to water scarcity and developing on dry soil [14]. Organic fertilizing of Moringa oleifera with supplies such as chicken and cow manure, grass clippings and cassava in different combinations have significantly promoted plant development [15]. Therefore, applying compost and organic fertilizers produces a direct impact on the growth and development of plants. This may be due to the interaction of the nutrients in the soil and growth-regulating substances (gibberellins, auxins and cytokinins).



Several studies [16,17] have reported the effect of organic fertilizers and biofertilization on the metabolomic profile in plants. However, few studies of this type have been conducted on Moringa oleifera. For example, the authors of [18] reported the nutritional quality of flour from Moringa oleifera leaves grown in South Africa. They also reported that the crude protein content (30% by weight) contains 19 amino acids, where alanine is the majority. The most prevalent macro-elements are calcium and potassium, whereas iron and selenium stand out as microelements. Furthermore, the use of biofertilizers, such as Azospirillumbra silense and Herbaspirillum seropedicae, induce microorganism–plant interactions, which exert a significant effect on the change of metabolites’ profiles [19].



The employment and study of Moringa oleifera represents a worldwide alternative to feed the population due to its nutritional importance [20,21]. In Mexico, usage of this plant can bring direct positive benefits to consumers. However, it is first necessary to study its properties and to propose cultivating systems where the plant’s exploitation does not have secondary effects on the environment. Therefore, the use of new agricultural techniques is proposed, attempting to decrease the environmental impact via application of organic supplies. Theoretically, the reduction of erosion and loss of nutrients in soil could be guaranteed. Thus, it is important to understand the impact that organic supplies have on the metabolomic profile of plants. Therefore, the aim of this work was to evaluate the effects of chemical fertilization and vermicompost on plant growth, and to analyze the metabolomic profile changes of Moringa oleifera crop cultivated in agricultural and native soils.




2. Materials and Methods


2.1. Site Description and Soil Sampling


Samples of native and agricultural soil and vermicompost were collected during the month of November 2014 from three ranches located in the state of Chiapas, Mexico. Native soil came from ‘La Escondida’ ranch (16°01′55.0″ N and 92°50′53.8″ W), and agricultural soil from ‘La Majada’ ranch (16°02′41″ N and 92°22′32.1″ W). Both of these are located in the municipality of La Concordia. Vermicompost came from the organic farm ‘Luanda’ (16°45′36.7″ N and 93°22′32.1″ W), situated in the municipality of Ocozocoautla. Soil was sampled by randomly augering the top 15 cm layer of three plots, each with an approximate area of 0.5 ha. At each plot, 30 soil samples were taken and pooled, so that three soil samples could be obtained and characterized separately.




2.2. Characterization of Vermicompost and Soil


The characterization of soil samples and vermicompost was carried out as described in [22]. Sample pH was measured with a glass electrode in a 1:2.5 sample-H2O suspension [23]. The WHC was measured in soil and in water-saturated vermicompost in a funnel and left to stand overnight. The electrolytic conductivity (EC) was determined in a saturated solution extract as described by [24]. The organic C in vermicompost and soil was measured with a total organic carbon analyzer TOC-VCSN (Shimadzu, USA). Total N was measured by the Kjeldahl method [25]. Soil particle size distribution was determined by the hydrometer method, as described by [26].




2.3. Cultivation of Moringa in the Greenhouse


The experimental design was completely randomized and performed in triplicates. Moringa was cultivated in agricultural soil, for which three treatments were applied: (1) uncultivated and unfertilized soil, (2) plants fertilized with 0.6 g of urea applied per soil column or an equivalent of 150 kg N ha−1, and (3) soil mixed with vermicompost (39.17 g of vermicompost per column). In this way, plants were fertilized with a final concentration of 150 kg N ha−1, taking into consideration that all mineral N in the vermicompost and that 40% of the organic N in the vermicompost was mineralized during the experimental period.



Seventy-two sub-samples of soil, each with 9 kg, were added to PVC tubes (length 50 cm and diameter 16 cm). At the bottom, each tube was filled with 7 cm of gravel and topped up with 3 cm of sand. Moringa seeds were provided by ‘La Escondida’ farm. Three Moringa seeds were planted at a depth of 1 cm in each of the 72 PVC tubes. The PVC tubes were placed at random spots inside the greenhouse. Throughout the 90-day experiment (beginning on 2 December), a volume of 2000 mL of water was added to each column every four days. The amount of water applied was limited in order to avoid leaching. After 30 and 90 days, the entire soil column was removed from the PVC tube and plant roots and shoots were characterized.



Each treatment was performed in triplicate, whereby a total of 72 experimental units were obtained. Evaluation of variables included plant height, weight of dry leaves and metabolomic profile of leaves. This evaluation was performed at a time of 45 and 90 days after germination.




2.4. Sample Preparation for Metabolomics Analysis


Leaves were air-dried at room temperature for 72 h and ground to a fine powder before being stored. Afterwards, extraction was performed as described in [27]. Briefly, 25 g of Moringa oleifera leaves were soaked for 7 days in a mixture of methanol:water (80:30) at room temperature. The extract was then filtered and concentrated by using an R-210 Buchi rotary evaporator (BÜCHI Labortechnik AG, Switzerland), and then lyophilized to preserve the sample until analysis.




2.5. Analysis of Metabolites by UPLC-ESI-MS/MS


In order to improve the extraction of metabolites, 20 mg of lyophilized residue was reconstituted in 500 μL of methanol for 10 min in an ultrasound bath at 20 °C, and then centrifuged (11,356× g, 10 min). Supernatants were collected and filtered through a 0.22 μm polypropylene membrane filter (ANOTOP10 plus; Whatman, Maidstone, UK). Each sample (10 μL) was analyzed in a UPLC-ESI-MS/MS system (LCQ Fleet, Thermo Finnigan, San Jose, CA, USA). This equipment used a C18 Hypersil gold column (50 × 2.1 × 1.9 mm) [28]. Operating conditions were as follows: oven temperature of 38 °C, flow rate of 350 L/min, where gradient mobile phase A was water in 0.1% formic acid and mobile phase B was methanol in 0.1% formic acid. The gradients of solvent B were 35% (0–1.5 min), 35–86% (1.5–3 min), 86–100% (3–25 min), 100% B (25–27 min) and 35% B (27–27.5 min). Subsequently, individual sample data were downloaded into “mzXML” digital files and analyzed with programming software and bioinformatics. Results were analyzed with Mzmine3 [29], MetaboAnalyst [30] and R Software [31]. In addition, the results were evaluated in order to select the best treatment that could allow samples to be arranged as Gaussian behavior [32]. The chemometric analysis, with the help of PCA, was used for determining optimal linear transformation to allow generated data to be screened according to variability, thus making comparisons less complicated. Subsequently, PLS-DA was used as a multivariate regression technique [32]. The putative identification of metabolites was cross-referenced against information related to monoisotopic mass, mass spectra and most probable molecular mass using PlantCyc [33], MetaCyc [34], PubChem [35] and Massbank [36].




2.6. Statistical Analysis


A multivariate analysis of variance (ANOVA) was carried out with the Tukey test with the Statgraphics Centurion XVI software analysis, for which the p < 0.05 threshold was applied for statistically significant differences.





3. Results


3.1. Characteristics of Vermicompost and Soil


The physicochemical composition of soils and vermicompost is provided in Table 1. Native and agricultural soils showed significant differences (p < 0.05) in all related parameters. The vermicompost had a higher pH value (7.41) compared to the other samples. Likewise, WHC, humidity, EC, organic C, total N and C/N ratio were higher for vermicompost than for the SN and SA samples.




3.2. Evaluation of Growth


The growth parameters were evaluated at days 45 and 90. Based on the results, it was observed that no significant difference between Moringa oleifera fertilization treatments occurred, as seen in Table 2. However, differences were found between soil types after 45 days (Table 3).




3.3. Metabolomic Profile Changes in Moringa Leaves


Informatic analysis and statistical visualization were performed with MetaboAnalyst software. The first step of the chemometric analysis was a Data Integrity Check, with the objective of evaluating peaks via the m/z and tr relationship. A total of 186 peaks (m/z, tr) were detected, 12 of which were discarded.



Upon completion of proofreading of obtained data integrity, filtering of the data was performed in order to eliminate noise or non-informative variables in the dataset. As part of data filtering, a normalization curve was generated. Global data coherence was thereby improved, so that significant biological comparisons could be evaluated statistically. Data were transformed into a matrix, where samples were inserted into rows and variables (compounds and peaks) into columns. The normalizing of columns of variables was performed in order to make values in each row comparable to one another. Presently, there is no common accord as to which normalization methods work better for the different types of metabolomic data. However, results must be evaluated in order to select the best treatment that will allow samples to be arranged as Gaussian behavior.



Subsequently, the effect of the organic amendment (vermicompost) was evaluated by exploratory multivariate statistical data analysis. This allowed to find variations in the effect on the metabolomic profile of Moringa oleifera leaves. For this purpose, a two-sample t-test was used to test a coefficient significance alpha = 0.05. The results obtained with the test indicated that an effect exists on the m/z relationship (Figure 1), as the 19 pink circles correspond to peaks (m/z, tr) presenting statistical differences in vermicompost-supplemented plants when compared with the average of the control (soil without vermicompost).



In principal component analysis (PCA), obtained data were projected over a two-dimensional coordinate system. As a result of this analysis, five PCs were obtained, which represented total data variability (100%) (Figure 2). However, in order to observe the effect of vermicompost application on a graph, only two dimensions were taken into consideration (PC1 and PC2). With the addition of its components (48.5% and 20%), the effect of vermicompost application on plants could be described, as these two PCs account for over 60% of the data variability.



With the help of PCA with PC1 and PC2 (Figure 3), it was demonstrated that differences exist between vermicompost-treated samples (green dots) and control data (red dots). Two out of three samples are on the same side of PC1 (right to left), representing 48.5% of the total data variability.



With the PCA test, it was possible to describe the behavior of the data in the metabolomic profile. However, it was necessary to perform a partial least squares regression with discriminant analysis (PLS-DA), which is a method of grouping and sorting monitored data. Unlike PCA, PLS-DA uses multivariate regression techniques. As part of the chemometric analysis (R system), the “PLSR” package was used to perform the PLS-DA regression. This tool was used in order to maximize the separation between different groups for comparison, which allowed to confirm the existence of statistical differences in the metabolomic profile of vermicompost-supplemented Moringa oleifera leaf extracts, as compared to control samples. Therefore, five components relating to the PLS-DA were generated (Figure 4). These results indicated that 100% of the variance of the sample data was generated.



For analysis and interpretation, PC1 and PC3 were used to plot two-dimensional data, as the amount of both components accounted for 61.1% of the variance of the data. The results of PLS-DA analysis (Figure 5) allowed to conclude that the type of fertilizer factor has an effect on the metabolomic profile of Moringa oleifera leaf extract. This was observed due to data grouping. Samples supplemented with vermicompost were grouped on the right side of the first component of the PLS, which are positively related, while the control groups remained on the left side of the first component. This means that they are negatively related to samples supplemented with vermicompost.



The next step of the chemometric analysis was the heat map metabolomic profiling of Moringa oleifera leaf extracts. This analysis was performed by using the m/z and tr relations of the 186 peaks mentioned previously (Figure 6). Using a heat map, the behavior of the metabolomic profile can be viewed based on the m/z ratio, which pertains to the metabolites present in the samples of Moringa oleifera leaf extracts when they are compared for diversity, abundance and type of supplement used.




3.4. Metabolite Identification


In this study, metabolites were identified in Moringa oleifera leaf extracts, based on their m/z and tr ratio. These results indicated that the identified putative metabolite family groups belong to alkaloids, flavonols/flavonoids, phospholipids, glicerophospholipids, fatty acids and organic acids (Table 4). The metabolome database of different soil types is shown in Supplementary Table S1.





4. Discussion


Native and agricultural soils have pH values of 6.77 and 5.45, respectively. It has been reported that the presence of chemical fertilizers, which increase crop productivity, can be one of the factors involved in decreasing pH in soils [50]. However, these phenomena relate to a dynamic process in which various natural (soil, climate and biological) and anthropogenic factors are included, where the latter have been the factor that has worsened and accelerated the process of soil acidification [51]. Regarding moisture percentage, native and agricultural soils have a value of 5.99% and 1.18%, respectively. For its part, electrical conductivity for native and agricultural soil is at an estimated 4.31 and 3.69 ds m−1, respectively. The total nitrogen content (1.77 g kg−1 soil) in the native soil was higher compared to the agricultural soil. These values are consistent with those reported by the authors of [22], who reported similar values (1.9 g kg−1 soil). The C/N ratio is an indicator of fertility and soil productivity. This ratio was higher for soils that have not been cultivated or plowed. Changes in the C/N ratio are attributed to climate change [52]. However, a relationship with values below 10 for arable soils is associated with a high amount of nitrogen, mainly due to the excessive use of fertilizers [52]. This result indicates that biomass in soil organic matter (SOM) is not sufficient for nitrogen mineralization, which generates leachates that contaminate the soil [53]. This ratio was higher (19.7) for vermicompost, as compared with native and agricultural soil (5.5 and 9.5, respectively). In products obtained by biological fermentation of organic matter, such as vermicompost, there are many microorganisms capable of improving soil fertility [54]. Lastly, a C/N ratio greater than 12 indicates that the composting is ripe and suitable for use.



4.1. Evaluation of Growth


The growth parameters were evaluated at days 45 and 90. Based on the results, it was observed that no significant difference was found between Moringa oleifera fertilization treatments (Table 2). However, differences are first observed between soil types after 45 days (Table 3). The obtained results suggest that the fertilization rate (150 kg N ha−1) of vermicompost used in this work does not have an influence on increasing the growth parameters such as plant height, root length and dry weight of leaves. In a perennial crop such as Moringa, removal of soil nutrients due to the growth and development of the plant eventually leads to a reduction in biomass yields [55]. Moreover, the pH of the soil has a direct impact on the parameters of plant growth, as there is a pH range which allows the absorption or availability of nutrients.




4.2. Metabolite Identification


The metabolomic analysis in Moringa leaves revealed a clear discrimination between the different treatments, indicating that organic amendment had an impact on the metabolic profile (Figure 6). Biologically important metabolites were identified in the Moringa oleifera leaf extracts, based on their m/z and rt relationship. These results indicated that the identified putative metabolite family groups belong to alkaloids, flavonols/flavonoids, phospholipids, glicerophospholipids, fatty acids and organic acids (Table 4). These groups pertain to the peaks identified on the total ion chromatogram (TIC), as they are the most well-defined. In order to identify the m/z ratios, the following databases were used: PlantCyc [33], MetaCyc [34], PubChem [35] and Massbank [36]. Furthermore, our results show that the application of vermicompost in Moringa crops on agricultural soils induces a higher level of various alkaloids. Among the alkaloid-related groups, the following are suggested: germerine (m/z 694.3914, rt 18 min), which is a metabolite reported in poisonous perennial herbs of the Melanthiaceae family with hypotensive activity [37], piperazine (m/z ratio of 931.6710 and 746; rt of 26.3 and 15.4 min) and piperidine (m/z 613.9537, rt 23.8 min). To our knowledge, the latter groups have not been reported for Moringa oleifera leaves. However, it has been reported that these alkaloids have antibacterial, antifungal and antiparasitic activity [56], and have been found in plants of the Prosopsis genus (Leguminosae, Mimosaceae) and in Piper retrofractum Vahl [57]. In addition, the presence of alkaloid groups known as moringine and moringinine has been reported in Moringa leaves [58]. Other identified alkaloids are N, a-L-rhamnopyranosyl vincosamide [59], trigonelline [60], pyrrolemarumine 42-O-alpha-L-rhamnopyranoside and 4′-hydroxyphenylethanamide [61]. These are known for possessing cardiotonic activity and anti-hypertensive affects [62].



Among the flavonoid groups found, the presence of quercetin 3,7,3′,4′-tetrasulphated is suggested. The existence of this metabolite has been reported in Moringa oleifera leaves and flowers [41,58]. In the results reported herein, the presence of palmitic acid is suggested (m/z 257, rt 20 min). Palmitic acid is one of the most frequently found fatty acids in plants, including Moringa oleifera [18]. Finally, triolelin or glycerine trioleate (m/z 885, rt 26.7), which is a compound belonging to the triglyceride group, has been reported previously in Moringa oleifera seed oil [63].





5. Conclusions


To our knowledge, there are few studies analyzing the relationship between metabolomic profiling of Moringa oleifera leaves and their fertilization with organic fertilizers (such as vermicompost) using different types of soil. The overall results obtained in the present study revealed that the application of vermicompost induces significant differences in metabolomic profiles as compared to the control. However, this was not observed in the morphometric variables of Moringa oleifera. For future studies, carrying out in vitro and in vivo testing could contribute more information to the medicinal and food industries.








Supplementary Materials


The following is available online at https://www.mdpi.com/article/10.3390/agronomy11102061/s1. Table S1. The metabolome Database of Moringa oleifera L. Cultivated with Vermicompost under Different Soil Types.





Author Contributions


Conceptualization, R.R.-R., F.A.G.-M., J.H.C.-G. and N.R.-L.; methodology, L.A.M.-G., J.M.G.-A. and R.W.; software, L.A.M.-G., C.I.R.-M. and J.M.G.-A.; validation, L.A.M.-G., R.R.-R., C.I.R.-M., F.A.G.-M., R.W. and V.M.R.-V.; formal analysis, L.A.M.-G., F.A.R.-M. and V.M.R.-V.; investigation, L.A.M.-G., C.I.R.-M., J.M.G.-A. and R.W.; resources, L.A.M.-G., J.M.G.-A., J.H.C.-G. and F.A.R.-M.; data curation, L.A.M.-G., R.R.-R., R.W. and V.M.R.-V.; writing—original draft preparation, L.A.M.-G. and V.M.R.-V.; writing—review and editing, L.A.M.-G. and V.M.R.-V.; visualization, L.A.M.-G., N.R.-L. and F.A.R.-M.; supervision, R.R.-R., F.A.G.-M., R.W. and V.M.R.-V.; project administration, V.M.R.-V.; funding acquisition, V.M.R.-V. All authors have read and agreed to the published version of the manuscript.




Funding


The research was funded by project “5663.15-P” from ‘Tecnológico Nacional de México’ (TNM, Mexico) and the ‘Infraestructura 251805′ project from the ‘Consejo Nacional de Ciencia y Tecnologia’ (CONACyT, Mexico). L.A.M.-G. and J.M.G.-A. received grant aided support from CONACyT.




Institutional Review Board Statement


Not applicable.




Informed Consent Statement


Not applicable.




Data Availability Statement


Not applicable.




Acknowledgments


We thank the owner of NOVA LIFE SPR DE RL and the ‘La Escondida’ farm for providing us with the Moringa oleifera seeds and soils.




Conflicts of Interest


The authors declare no conflict of interest.




References


	



FAO. The Future of Food and Agriculture—Alternative Pathways to 2050. 2018. Available online: http://www.fao.org/global-perspectives-studies/resources/detail/en/c/1157074 (accessed on 20 August 2021).

	



Page, K.L.; Dang, Y.P.; Dalal, R.C. The ability of conservation agriculture to conserve soil organic carbon and the subsequent impact on soil physical, chemical, and biological properties and yield. Front. Sustain. Food Syst. 2020, 4, 31. [Google Scholar] [CrossRef]

	



Kuhwald, M.; Blaschek, M.; Brunotte, J.; Duttmann, R. Comparing soil physical properties from continuous conventional tillage with long-term reduced tillage affected by one-time inversion. Soil Use Manag. 2017, 33, 611–619. [Google Scholar] [CrossRef]

	



Gutiérrez-Miceli, F.A.; Santiago-Borraz, J.; Montes-Molina, J.A.; Nafate, C.C.; Abud-Archila, M.; Oliva-Llaven, M.A.; Rincón-Rosales, R.; Dendooven, L. Vermicompost as a soil supplement to improve growth, yield and fruit quality of tomato (Lycopersicum esculentum). Bioresour. Technol. 2007, 98, 2781–2786. [Google Scholar] [CrossRef]

	



Khan, K.; Pankaj, U.; Verma, S.K.; Gupta, A.K.; Singh, R.P.; Verma, R.K. Bio-inoculants and vermicompost influence on yield, quality of Andrographis paniculata and soil properties. Ind. Crops Prod. 2015, 70, 404–409. [Google Scholar] [CrossRef]

	



Arancon, N.Q.; Edwards, C.A.; Lee, S.; Byrne, R. Effects of humic acids from vermicomposts on plant growth. Eur. J. Soil Biol. 2006, 42, S65–S69. [Google Scholar] [CrossRef]

	



Xu, L.; Yan, D.; Ren, X.Y.; Wei, Y.Y.; Zhou, J.; Zhao, H.Y.; Liang, M.X. Vermicompost improves the physiological and biochemical responses of blessed thistle (Silybum marianum Gaertn.) and peppermint (Mentha haplocalyx Briq) to salinity stress. Ind. Crops Prod. 2016, 94, 574–585. [Google Scholar] [CrossRef]

	



Nardi, S.; Schiavon, M.; Francioso, O. Chemical Structure and Biological Activity of Humic Substances Define Their Role as Plant Growth Promoters. Molecules 2021, 26, 2256. [Google Scholar] [CrossRef] [PubMed]

	



Dzuvor, C.K.; Pan, S.; Amanze, C.; Amuzu, P.; Asakiya, C.; Kubi, F. Bioactive components from Moringa oleifera seeds: Production, functionalities and applications–a critical review. Crit. Rev. Biotechnol. 2021, 1–23. [Google Scholar] [CrossRef]

	



Milla, P.G.; Peñalver, R.; Nieto, G. Health Benefits of Uses and Applications of Moringa oleifera in Bakery Products. Plants 2021, 10, 318. [Google Scholar] [CrossRef]

	



Helene, F.-M.; du Toit, E.S.; Robbertse, P.S.J. Effect of storage conditions on Moringa oleifera Lam. seed oil: Biodiesel feedstock quality. Ind. Crops Prod. 2016, 84, 80–86. [Google Scholar] [CrossRef]

	



Olson, M.E.; Fahey, J.W. Moringa oleifera: A multipurpose tree for the dry tropics. Rev. Mex. Biodivers. 2011, 82, 1071–1082. [Google Scholar]

	



Sreeja, M.; Jayasri, P.; Keerthi, N.; Yeshashwini, J.; Praveen, J. Moringa oleifera: A review on nutritive importance and its potential use as nutraceutical plant. J. Med. Plant Stud. 2021, 9, 15–17. [Google Scholar]

	



Chitiyo, S.T.; Ncube, B.; Ndhlala, A.R.; Tsvuura, Z. Biochemical responses of Moringa oleifera Lam. plants to graded moisture deficit. S. Afr. J. Bot. 2021, 138, 41–49. [Google Scholar] [CrossRef]

	



Christophe, H.L.; Albert, N.; Martin, Y.; Mbaiguinam, M. Effect of organic fertilizers rate on plant survival and mineral properties of Moringa oleifera under greenhouse conditions. Int. J. Recycl. Org. Waste Agricult. 2019, 8, 123–130. [Google Scholar] [CrossRef]

	



Kusano, M.; Fukushima, A.; Redestig, H.; Saito, K. Metabolomic approaches toward understanding nitrogen metabolism in plants. J. Exp. Bot. 2011, 62, 1439–1453. [Google Scholar] [CrossRef]

	



Amiour, N.; Imbaud, S.; Clément, G.; Agier, N.; Zivy, V.; Valot, B.; Balliau, T.; Armengaud, P.; Quilleré, I.; Cañas, R.; et al. The use of metabolomics integrated with transcriptomic and proteomic studies for identifying key steps involved in the control of nitrogen metabolism in crops such as maize. J. Exp. Bot. 2012, 63, 5017–5033. [Google Scholar] [CrossRef]

	



Moyo, B.; Masika, P.J.; Hugo, A.; Muchenje, V. Nutritional characterization of Moringa (Moringa oleifera Lam.) leaves. Afr. J. Biotechnol. 2011, 10, 12925–12933. [Google Scholar]

	



Brusamarello-Santos, L.C.; Gilard, F.; Brulé, L.; Quilleré, I.; Gourion, B.; Ratet, P. Metabolic profiling of two maize (Zea mays L.) inbred lines inoculated with the nitrogen fixing plant-interacting bacteria Herbaspirillum seropedicae and Azospirillum brasilense. PLoS ONE 2017, 12, e0174576. [Google Scholar] [CrossRef]

	



James, A.; Zikankuba, V. Moringa oleifera a potential tree for nutrition security in sub-Sahara Africa. Am. J. Res. Commun. 2017, 5, 1–14. [Google Scholar]

	



Meireles, D.; Gomes, J.; Lopes, L.; Hinzmann, M.; Machado, J. A review of properties, nutritional and pharmaceutical applications of Moringa oleifera: Integrative approach on conventional and traditional Asian medicine. Adv. Tradit. Med. 2020, 20, 495–515. [Google Scholar] [CrossRef]

	



Ruíz-Valdiviezo, V.M.; Luna-Guido, M.; Galzy, A.; Gutiérrez-Miceli, F.A.; Dendooven, L. Greenhouse gas emissions and C and N mineralization in soils of Chiapas (México) amended with leaves of Jatropha curcas L. Appl. Soil Ecol. 2010, 46, 17–25. [Google Scholar] [CrossRef]

	



Thomas, G.W. Soil pH and soil acidity. In Methods of Soil Analysis: Chemical Methods; Sparks, D.L., Ed.; American Society of Agronomy: Madison, WI, USA, 1996; pp. 475–490. [Google Scholar]

	



Rhoades, J.D.; Mantghi, N.A.; Shause, P.J.; Alves, W. Estimating soil salinity from saturate soil paste electrical conductivity. Soil Sci. Soc. Am. J. 1989, 53, 428–433. [Google Scholar] [CrossRef]

	



Bremner, J.M. Nitrogen-Total. In Methods of Soil Analysis: Chemical Methods Part 3, 2nd ed.; Sparks, D.L., Ed.; Soil Science Society of America: Madison, WI, USA, 1996; pp. 1085–1122. [Google Scholar]

	



Gee, G.W.; Bauder, J.W. Particle size analysis, hydrometer methods. In Methods of Soil Analysis: Part 1, Physical and Mineralogical Methods; Klute, A., Ed.; American Society of Agronomy and Soil Science Society of America: Madison, WI, USA, 1986; pp. 383–411. [Google Scholar]

	



Kim, H.K.; Verpoorte, R. Sample preparation for plant metabolomics. Phytochem. Anal. 2010, 21, 4–13. [Google Scholar] [CrossRef]

	



Rhea, J.M.; Snyder, M.L.; Winkler, A.M.; Abou-Diwan, C.; Fantz, C.R.; Ritchie, J.C.; Szlam, F.; Tanaka, K.A.; Molinaro, R.J. Development of a fast and simple liquid chromatography-tandem mass spectrometry method for the quantitation of argatroban in patient plasma samples. J. Chromatogr. B 2012, 893–894, 168–172. [Google Scholar] [CrossRef]

	



Pluskal, T.; Castillo, S.; Villar-Briones, A.; Oresic, M. MZmine 2: Modular framework for processing, visualizing, and analyzing mass spectrometry-based molecular profile data. BMC Bioinform. 2010, 11, 395. [Google Scholar] [CrossRef]

	



Xia, J.G.; Sinelnikov, I.V.; Han, B.; Wishart, D.S. MetaboAnalyst 3.0-making metabolomics more meaningful. Nucleic Acids Res. 2015, 43, W251–W257. [Google Scholar] [CrossRef] [PubMed]

	



Ernest, B.; Gooding, J.R.; Campagna, S.R.; Saxton, A.M.; Voy, B.H. MetabR: An R script for linear model analysis of quantitative metabolomic data. BMC Res. Notes 2012, 5, 596. [Google Scholar] [CrossRef] [PubMed]

	



Xia, J.; Wishart, D.S. Chapter 14. Metabolomic data processing, analysis, and interpretation using MetaboAnalyst. In Current Protocols in Bioinformatics; John Wiley & Sons, Inc.: Hoboken, NJ, USA, 2011; pp. 14.10.1–14.10.48. [Google Scholar] [CrossRef]

	



Chae, L.; Lee, I.; Shin, J.; Rhee, S.Y. Towards understanding how molecular networks evolve in plants. Curr. Opin. Plant Biol. 2012, 15, 177–184. [Google Scholar] [CrossRef] [PubMed]

	



Caspi, R.; Altman, T.; Dreher, K.; Fulcher, C.A.; Subhraveti, P.; Keseler, I.M.; Kothari, A.; Krummenacker, M.; Latendresse, M.; Mueller, L.A.; et al. The MetaCyc database of metabolic pathways and enzymes and the BioCyc collection of Pathway/Genome Databases. Nucleic Acids Res. 2012, 42, D459–D471. [Google Scholar] [CrossRef] [PubMed]

	



Kim, S.; Thiessen, P.A.; Bolton, E.E.; Chen, J.; Fu, G.; Gindulyte, A.; Han, L.; He, J.; He, S.; Shoemaker, B.A.; et al. PubChem Substance and Compound databases. Nucleic Acids Res. 2015, 44, D1202–D1213. [Google Scholar] [CrossRef]

	



Horai, H.; Arita, M.; Kanaya, S.; Nihei, Y.; Ikeda, T.; Suwa, K.; Ojima, Y.; Tanaka, K.; Tanaka, S.; Aoshima, K.; et al. MassBank: A public repository for sharing mass spectral data for life sciences. J. Mass Spectrom. 2010, 45, 703–714. [Google Scholar] [CrossRef]

	



Wang, L.S.; Li, W.; Liu, Y.H. Hypotensive effect and toxicology of total alkaloids and veratramine from roots and rhizomes of Veratrum nigrum L. in spontaneously hypertensive rats. Pharmazie 2008, 63, 606–610. [Google Scholar] [CrossRef] [PubMed]

	



Vanguru, S.; Jilla, L.; Sajja, Y.; Bantu, R.; Nagarapu, L.; Nanubolu, J.B.; Bhaskar, B.; Jain, N.; Sivan, S.; Manga, V. A novel piperazine linked β-amino alcohols bearing a benzosuberone scaffolds as anti-proliferative agents. Bioorg. Med. Chem. Lett. 2017, 27, 792–796. [Google Scholar] [CrossRef] [PubMed]

	



Chauhan, P.; Kumar, R.R.; Mendiratta, S.K.; Talukder, S.; Gangwar, M.; Sakunde, D.T.; Meshram, S.K. In-vitro functional efficacy of extracts from Phyllanthus emblica, Eucalyptus globulus, Tinospora cordifolia as pancreatic lipase inhibitor and source of anti-oxidant in goat meat nuggets. Food Chem. 2021, 348, 129087. [Google Scholar] [CrossRef] [PubMed]

	



Pratheeba, T.; Taranath, V.; Gopal, D.S.; Natarajan, D. Antidengue potential of leaf extracts of Pavetta tomentosa and Tarenna asiatica (Rubiaceae) against dengue virus and its vector Aedes aegypti (Diptera: Culicidae). Heliyon 2019, 5, e02732. [Google Scholar] [CrossRef]

	



Ferreira, P.M.P.; Farias, D.F.; Oliveira, J.T.D.; Carvalho, A.D.U. Moringa oleifera: Bioactive compounds and nutritional potential. Braz. J. Nutrit. 2008, 21, 431–437. [Google Scholar] [CrossRef]

	



Sun, M.; Peng, F.; Xiao, Y.; Yu, W.; Zhang, Y.; Gao, H. Exogenous phosphatidylcholine treatment alleviates drought stress and maintains the integrity of root cell membranes in peach. Sci. Hortic. 2020, 259, 108821. [Google Scholar] [CrossRef]

	



Guglielmone, H.A.; Agnese, A.M.; Nuñez-Montoya, S.C.; Cabrera, J.L.; Cuadra, G.R. Antithrombotic “in vivo” effects of quercetin 3, 7, 3′, 4′-tetrasulfate isolated from Flaveria bidentis in an experimental thrombosis model in mice. Thromb. Res. 2020, 195, 190–192. [Google Scholar] [CrossRef]

	



Yang, Y.; Han, X.; Ma, L.; Wu, Y.; Liu, X.; Fu, H.; Liu, G.; Guo, Y. Dynamic changes of phosphatidylinositol and phosphatidylinositol 4-phosphate levels modulate H+-ATPase and Na+/H+ antiporter activities to maintain ion homeostasis in Arabidopsis under salt stress. Mol. Plant 2021, in press. [Google Scholar] [CrossRef]

	



Mansour, A.N.; Thompson, C.; Theil, E.C.; Chasteen, N.D.; Sayers, D.E. Fe (III). ATP complexes. Models for ferritin and other polynuclear iron complexes with phosphate. J. Biol. Chem. 1985, 260, 7975–7979. [Google Scholar] [CrossRef]

	



Hachisu, M.; Konishi, K.; Hosoi, M.; Tani, M.; Tomioka, H.; Kitajima, Y.; Inamoto, A.; Hirata, A.; Koganemaru, T.; Tomita, A.; et al. Serum anticholinergic activity as an index of anticholinergic activity load in Alzheimer’s disease. Neurodegener. Dis. 2015, 15, 134–139. [Google Scholar] [CrossRef]

	



Barhoi, D.; Upadhaya, P.; Barbhuiya, S.N.; Giri, A.; Giri, S. Aqueous extract of Moringa oleifera exhibit potential anticancer activity and can be used as a possible cancer therapeutic agent: A study involving in vitro and in vivo approach. J. Am. Coll. Nutr. 2021, 40, 70–85. [Google Scholar] [CrossRef] [PubMed]

	



Anzai, R.; Adachi, M.; Sho, N.; Muroya, K.; Asakura, Y.; Onigata, K. Long-term 3,5,3’-triiodothyroacetic acid therapy in a child with hyperthyroidism caused by thyroid hormone resistance: Pharmacological study and therapeutic recommendations. Thyroid 2012, 10, 1069–1075. [Google Scholar] [CrossRef] [PubMed]

	



Rhetso, T.; Shubharani, R.; Roopa, M.S.; Sivaram, V. Chemical constituents, antioxidant, and antimicrobial activity of Allium chinense G. Don. Future J. Pharm. Sci. 2020, 1, 1–9. [Google Scholar]

	



Li, Y.; Yang, X.; Ren, B.; Shen, Q.; Guo, S. Why nitrogen use efficiency decreases under high nitrogen supply in rice (Oryza sativa L.) seedlings. J. Plant Growth Regul. 2012, 31, 47–52. [Google Scholar] [CrossRef]

	



Lal, R. Restoring soil quality to mitigate soil degradation. Sustainability 2015, 7, 5875–5895. [Google Scholar] [CrossRef]

	



Ostrowska, A.; Porebska, G. Assessment of the C/N ratio as an indicator of the decomposability of organic matter in forest soils. Ecol. Indic. 2015, 49, 104–109. [Google Scholar] [CrossRef]

	



Nave, L.E.; Vance, E.D.; Swanston, C.W.; Curtis, P.S. Impacts of elevated N inputs on north temperate forest soil C storage, C/N, and net N-mineralization. Geoderma 2009, 153, 231–240. [Google Scholar] [CrossRef]

	



Alok, A.; Tripathi, A.; Soni, P. Vermicomposting: A better option for organic solid waste management. J. Hum. Ecol. 2008, 24, 59–64. [Google Scholar] [CrossRef]

	



Mendieta-Araica, B.; Sporndly, E.; Reyes-Sanchez, N.; Salmeron-Miranda, F.; Halling, M. Biomass production and chemical composition of Moringa oleifera under different planting densities and levels of nitrogen fertilization. Agrofor. Syst. 2013, 87, 81–92. [Google Scholar] [CrossRef]

	



Reina, L.; Bennadji, Z.; Vinciguerra, V.; Ferreira, F.; Moyna, G.; Menendez, P. Isolation and structural characterization of new piperidine alkaloids from Prosopis affinis. Phytochem. Lett. 2015, 14, 265–269. [Google Scholar] [CrossRef]

	



Kim, K.J.; Lee, M.S.; Jo, K.; Hwang, J.K. Piperidine alkaloids from Piper retrofractum Vahl. protect against high-fat diet-induced obesity by regulating lipid metabolism and activating AMP-activated protein kinase. Biochem. Biophys. Res. Commun. 2011, 411, 219–225. [Google Scholar] [CrossRef]

	



Anwar, F.; Latif, S.; Ashraf, V.; Gilani, V. Moringa oleifera: A food plant with multiple medicinal uses. Phytother. Res. 2007, 21, 17–25. [Google Scholar] [CrossRef]

	



Panda, S.; Kar, A.; Sharma, P.; Sharma, A. Cardioprotective potential of N, α-l-rhamnopyranosyl vincosamide, an indole alkaloid, isolated from the leaves of Moringa oleifera in isoproterenol induced cardiotoxic rats: In vivo and in vitro studies. Bioorg. Med. Chem. Lett. 2013, 23, 959–962. [Google Scholar] [CrossRef] [PubMed]

	



Mathur, M.; Kamal, R. Studies on trigonelline from Moringa oleifera and its in vitro regulation by feeding precursor in cell cultures. Rev. Bras. Farmacogn 2012, 22, 994–1001. [Google Scholar] [CrossRef]

	



Sahakitpichan, P.; Mahidol, C.; Disadee, W.; Ruchirawat, S.; Kanchanapoom, T. Unusual glycosides of pyrrole alkaloid and 4′-hydroxyphenylethanamide from leaves of Moringa oleifera. Phytochemistry 2011, 72, 791–795. [Google Scholar] [CrossRef]

	



Dangi, S.Y.; Jolly, C.I.; Narayanan, S. Antihypertensive activity of the total alkaloids from the leaves of Moringa oleífera. Pharm. Biol. 2002, 40, 144–148. [Google Scholar] [CrossRef]

	



Abdulkarim, S.M.; Long, K.; Lai, O.M.; Muhammad, S.K.S.; Ghazali, H.M. Some physico-chemical properties of Moringa oleifera seed oil extracted using solvent and aqueous enzymatic methods. Food Chem. 2005, 93, 253–263. [Google Scholar] [CrossRef]








[image: Agronomy 11 02061 g001 550] 





Figure 1. T-test of the peaks (mz/rt) identified in samples of Moringa oleifera extracts. Pink dots represent the m/z ratios that were statistically different when the plants were amended with vermicompost as compared to an unamended control group. 
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Figure 2. PCs generated in the PCA, which represent 100% of the variability of the data of extracts from Moringa oleifera leaves. Green triangles represent the samples treated with vermicompost and red cross represents data from the control treatment. 
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Figure 3. PCA samples amended with vermicompost group vs. control samples. 
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Figure 4. Principal components of the PLS-DA were used for the generation of the two-dimensional graph, which explained 62.1% of the variability of all the data in the metabolic profile of Moringa oleifera leaves extracts. Green triangles represent the samples treated with vermicompost and red cross represents data from the control treatment. 






Figure 4. Principal components of the PLS-DA were used for the generation of the two-dimensional graph, which explained 62.1% of the variability of all the data in the metabolic profile of Moringa oleifera leaves extracts. Green triangles represent the samples treated with vermicompost and red cross represents data from the control treatment.



[image: Agronomy 11 02061 g004]







[image: Agronomy 11 02061 g005 550] 





Figure 5. PLS-DA of samples amended with vermicompost vs. samples from the control group. 
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Figure 6. Heat maps corresponding to Moringa oleifera leaves’ extracts cultivated with vermicompost over agricultural and native soils. 
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Table 1. Physicochemical characterization of soils and vermicompost.
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	Treatment
	pH
	WHC

(g g−1 Soil)
	Humidity%
	EC

(dS m−1)
	Organic C (g kg−1 Soil)
	Total N

(g kg−1 Soil)
	C/N
	Textural Classification





	SN
	6.77 b
	0.41 b
	5.99 b
	4.31 b
	9.65 c
	1.77 b
	5.5 c
	Sandy Clay



	SA
	5.45 c
	0.42 b
	1.18 c
	3.69 b
	14.12 b
	1.49 c
	9.5 b
	Sandy Clay



	* V
	7.41 a
	0.92 a
	49.25 a
	8.00 a
	233 a
	11.8 a
	19.7 a
	-



	LSD (p < 0.05)
	0.024
	0.019
	0.021
	1.153
	1.154
	0.116
	0.199
	







* SN: native soil, SA: agricultural soil and V: vermicompost. Significant differences within treatments (p < 0.05) are indicated in columns by use of different lowercase letters.
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Table 2. Effect of the application of different types of fertilization on the growth parameters of Moringa oleifera.
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Treatment

	
Plant Height (cm)

	
Root Length (cm)

	
Dry Weight Leaves (g)




	

	
Day

	
Day

	
Day




	

	
45

	
90

	
45

	
90

	
45

	
90






	
Vermicompost

	
45.83 a

	
66.33 a

	
12.33 a

	
31.16 a

	
1.44 a

	
2.11 a




	
Urea

	
43.83 a

	
66.50 a

	
13.00 a

	
28.50 a

	
0.83 a

	
2.52 a




	
Soil + Plant

	
43.33 a

	
52.83 a

	
16.33 a

	
26.50 a

	
1.39 a

	
1.96 a




	
LSD (p < 0.05)

	
6.30

	
12.05

	
6.17

	
10.51

	
0.66

	
0.66








Significant differences within treatments (p < 0.05) are indicated in columns by use of different lowercase letters.
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Table 3. Effect of two soil types on growth parameters of Moringa oleifera.
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Type of Soil

	
Plant Height (cm/Plant)

	
Root Length (cm/Plant)

	
Dry Weight Leaves (g/Plant)




	

	
Day

	
Day

	
Day




	

	
45

	
90

	
45

	
90

	
45

	
90






	
Native

	
54.33 a

	
66.00 a

	
17.77 a

	
29.22 a

	
1.93 a

	
2.47 a




	
Agricultural

	
34.33 b

	
57.77 a

	
10.00 b

	
28.22 a

	
0.51 b

	
1.93 a




	
LSD (p < 0.05)

	
5.14

	
9.84

	
5.04

	
8.58

	
0.54

	
0.54








Significant differences (p < 0.05) are indicated in columns by use of different lowercase letters within treatments.
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Table 4. Identification of putative metabolites from Moringa oleifera with biological potential.
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Treatment

	
Metabolites

	
m/z

	
rt

	
Activity

	
Reference






	
Agricultural soil vermicompost

	
Germerine

	
694.3914

	
18

	
Hypotensive

	
[37]




	
piperazine-1,4-diyldiethane-2

	
931.671

	
26.3

	
Anticancer

	
[38]




	
hexanedioic acid

	
651.6301

	
20.4

	
Antibacterial

	
[39]




	
Quercetine 3,3′,4′,7-tetrasulfate

	
622.857

	
22.7

	
Antioxidant

	
[40]




	
Triolein

	
885.7467

	
26.7

	
Antioxidant

	
[41]




	
Agricultural soil control

	
Phosphatidylcholine

	
770.607

	
22.5

	
Drought tolerance

	
[42]




	
Hexabromodiphenyl oxide

	
638.528

	
21.7

	
Anticoagulant, antiplatelet and profibrinolytic activities

	
[43]




	
Phosphatidylinositol

	
889.601

	
27

	
Ion homeostasis

	
[44]




	
ferric-adenosine triphosphate complex

	
563.9034

	
23.5

	
Intracellular iron transport

	
[45]




	
Native soil vermicompost

	
Atropine

	
677.3182

	
23.3

	
Anticholinergic activity

	
[46]




	
palmitate

	
257.274

	
20.1

	
Anticancer

	
[47]




	
3,3′,5-triiodothyroacetic acid

	
622.7689

	
22.8

	
Treatment of hyperthyroidism

	
[48]




	
Native soil control

	
palmitate

	
257.274

	
20.1

	
Anticancer

	
[47]




	
n-tetratetracontan

	
619.7199

	
21.8

	
Antibacterial

	
[49]




	
3,3′,5-triiodothyroacetic acid

	
622.7689

	
22.8

	
Treatment of hyperthyroidism

	
[48]




	
Germerine

	
694.3914

	
18

	
Hypotensive activity

	
[37]




	
Atropine

	
677.3182

	
23.3

	
Anticholinergic activity

	
[46]
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173:677.3493@22.7 (Atropine)

163:873.6276@24.6 (AC1L2JBC)

77:653.5911@20.4 (CHOLESTERYL STEARATE; EI-B; MS)

141:637.8304@21.9 (G 1026)

65:651.5600@20.5 (cholesteryl oleate)

53:639.5956@21.7 (2-octaprenylphenol)

45:638.6694@21.8 (1,1,4,7,10,10-hexabromododecane)

117:637.6866@21.8 (2,4,6-tritridecyl-1,3,5-trioxane)

23:677.3919@22.7 (Ammonium, (p-benzoquinon-2,5-ylenebis(iminotrimethylene))bis(diethyl( thoxybenzyl)-, dichloride)
16:675.6009@22.7 (AC1L9I4L)

169:675.5621@22.7 (AC1L1T8U)

18:871.7282@24.8 (Triacylglycerol 17:1-18:1-18:1; LC-ESI-QTOF; MS; mouse WAT)

27:873.6402@25.0 (NSC634595)

107:659.6807@22.2 (1-amino-n-(2-{[2-({2-[(2-aminoethyl)amino]ethyl}amino)ethyl]amino}ethyl)-13-(1-hydroxynonyl)-3,6,9,12-tetraazahenicosan-21-amide)
24:637.6328@22.0 (7709-17-3)

46:623.5143@22.5 (Octadecyloctaglycol)

1:675.6499@22.8 (AC1L9I4L)

47:257.2740@20.1 (palmitate)

56:671.5713@22.1 (Dioctadecyl phthalate)

59:565.4674@20.5 (2-Ethylhexyl titanate)

71:697.0368@25.2 (14569-54-1)

74:886.6378@25.2 (Tetracesium 4,4'-carbonyldiphthalate)

82:874.6099@24.7 (ACIMHVM3)

38:763.8401@25.5 (potassium hyd [(bis{2-[bis(phosp! t thyl)amino]ethyl}amino)methyl]phosp} te(5:5:1))
138:888.6278@27.0 (ACIN12U6)

168:745.9251@25.2 (AC1Q4PGR)

106:762.9229@25.5 (NSC718384)

147:764.7908@25.5 (Disodium 2',2'-trithiobis(4,4'-dichloro-2-biphenylsulfinate))

68:745.9112@25.2 (AC1Q4PGR)

186:780.7258@25.3 (kartocid)

85:746.9758@25.4 ((2,4,5-Trichlorophenoxy)acetic acid 1,4-piperazinediyldi-3,1-propanediyl ester 2HCI)
112:813.8235@25.9 (AC1L2IAV)

80:781.7518@25.8 (Pentaerythritol dibehenate)

15:763.8226@25.5 (potassium hydrogen|(bis{2-[bis(phosphonatomethyl)aminolethyl}amino)methyllphosphonate(5:5:1))
171:622.9079@22.7 (quercetin 3, 3', 4', 7-tetrasulfate)

64:747.9729@26.7 (AC1L4XFZ)

132:627.8252@23.9 (BRN 3038217)

115:777.6725@24.0 (Triacylglycerol 12:0-16:0-18:1; LC-ESI-QTOF; MS; mouse WAT)

149:779.6987@25.1 (Triacylglycerol 14:0-16:0-16:0; LC-ESI-QTOF; MS; mouse WAT)

19:593.8939@21.6 (5-iodocytosine deoxyribonucleoside triphosphate)

110:735.0153@25.3 (AC1L1X9E)

114:739.0619@26.0 (Disufene)

11:679.7281@8.0 (Ammonium, (5-bromo-2-furfuryl)dimethyl(5-(2,4,6-tril I )pentyl)-, bromide)
33:887.7525@26.7 (AC1L315G)

86:635.8218@22.6 (BRN 0575813)

179:885.6624@25.0 (AC1L4CS8)

60:813.8707@26.6 (AC1L2IAV)

130:813.8709@26.6 (AC1L2IAV)

42:643.6341@22.6 (1,1'-Ethylenebis(4,5-dihydro-2- heptadecyl -1H- 1m1dazole))

79:659.6326@22.1 (1-amino-n-(2-{[2-({2-[(2-aminoethy]) yl} yllamino}ethyl)-13-(1-hydroxynonyl)-3,6,9,12-tetraazahenicosan-21-amide)
83:625.7433@23.6 (trimethyl(octadecyl) ium)

182:626.8689@23.6 (bismuth tltanate)

181:643.8606@23.9 (trisodium;8-[(3,5-dinitrol I)amino]naphthal 1,3,5-trisulfonate)
183:831.8249@26.3 (ACIN581S)

105:624.9524@21.2 (perfluorophenanthrene)

93:770.6070@25.3 (Phosphatidylcholine 17:1-18:2; LC-ESI-ITFT; MS2; [M+CH3COO]I-; RT: 16.00; Exp: 1)
184:765.8247@25.5 (ACIN4QAW)

54:636.7542@22.8 (3,3',5-triiodothyropropionic acid)

146:800.1313@22.8 (coenzyme A persulfide)

170:638.5282@21.7 (Hexabromodiphenyl oxide)

178:651.6301@20.4 (Dioctadecyl adipate)

155:638.6735@21.8 (1,1,4,7,10,10-hexabromododecane)

172:623.7985@22.5 (2-((2-B thiazolylsulfonyl)methyl)-6,8-dibromo-3-(2-chlorophenyl)- 4(3H) qumazolmone)
164:608.8796@20.5 (copper(2+) hydrogen 7-amino-4- ox1do 3-[(e)-(2-oxido-4-{[2-(sulfonatooxy)ethyl]sulfonyl}phenyl)di yllnaphthal 2-sulfonate(1:2:1))
177:654.6171@22.0 (SCHEMBL6253692)

136:607.8898@21.9 (AC1L2NSX)

51:622.8572@22.7 (quercetin 3, 3', 4', 7-tetrasulfate)

119:694.4269@18.0 (Dehydag Wax E)

128:570.0368@23.6 (rebeccamycin)

131:626.7040@20.8 (2,2"-oxybis[5,5-bis(bromomethyl)-1,3,2-dioxaphosphinane] 2,2'-dioxide)
143:637.7492@21.1 (NSC407180)

88:651.7410@22.1 (METRIZOATE MAGNESIUM)

175:651.7677@22.0 (3,5,3'-triiodo-L-thyronine)

153:563.8990@23.4 (ferric-adenosine triphosphate complex)

101:609.7167@20.6 (AC1L98SZ)

137:610.8076@20.8 (tetrasodium pyrene -1,3,6,8- tetrasulfonate)

116:675.4602@22.7 (1-18:1-2-16:0-phosphatidate)

120:636.7246@22.8 (17086-13-4)

133:749.8475@25.1 (ACIMR3SH)

162:749.9248@25.2 (AC1L5BTC)

41:764.8101@25.6 (Disodium 2',2'-trithiobis(4,4'-dichloro-2-bip} Isulfinate))

180:575.6921@18.8 (AC1L2ATR)

139:596.5136@17.3 (Naphthalene, hexabromo-)

135:676.4283@22.6 (NSC720385)

72:609.7955@20.6 (NSC266232)

157:637.6131@22.8 (7709-17-3)

124:595.6419@21.6 ((3R,7R,11S,15S,18S,22S5,26R,30R)-3,7,11,15,18,22,26,30-Octamethyldotriacontane-1,32-diol; FAB-B; MS)
134:621.8934@22.4 (8-((4-bromo-2,3-dioxobutyryl)thio)ad ine 5'diphosphate)

17:621.8614@22.5 (AC1IME2EK)

165:653.7434@19.9 (AC1LAX5N)

9:623.6534@22.5 (n,n'-[ethane-1,2-diylbis(iminoethane-2,1-diyl)|dihexadecanamide)

73:681.6229@21.2 (Cholesteryl oleyl carbonate)

123:903.6399@27.0 (64346-20-9)

174:636.6580@21.3 (hexabromocyclododecane)

58:903.6381@27.0 (64346-20-9)

99:635.7665@21.2 (BRN 0575813)

32:609.7473@20.7 (NSC266232)

50:653.6596@22.0 (CHOLESTERYL STEARATE; EI-B; MS)

166:765.7531@25.0 (AC1LBKDL)

55:636.6551@21.3 (hexabromocyclododecane)

70:607.7361@20.2 (pentacobaltic dodecacyanide)

63:889.6010@27.0 (Phosphatidylinositol 18:0-20:3; LC-ESI-ITFT; MS2; [M-H]-; RT: 23.31; Exp: 1)
113:762.7354@24.1 (ST50986961)

159:625.7446@20.8 (trimethyl(octadecyl) ium)

176:680.7176@8.3 (BRN 0066005)

160:278.2439@16.6 (EHNA)

39:885.7074@26.4 (NCI60_005293)

158:1184.7423@21.5 (AC1LAAM2)

129:622.5629@19.0 (UNII-VYP38H02CO)

31:620.5238@18.2 (methyl 1,4,5,6,7,7-hexabromobicyclo[2.2.1]hept-5-ene-2-carboxylate)

57:620.5723@18.2 (AC1L1SJC)

92:667.5920@22.2 (2,3-bis(octanoyloxy)propyl docosanoate)

122:694.3914@18.0 (germerine)

84:815.7785@25.1 (ACIN7TCR)

125:613.9537@23.8 (diiodoplatinum(2+);piperidin-1-ide;2H-pyridin-1-ide)

103:773.5139@22.1 (Phosphatidylglyceride 18:1-18:2; LC-ESI-ITFT; MS2; [M-H]-; RT: 10.90; Exp: 1)
152:694.6335@17.9 (Tetrarubidium 4,4'-carbonyldiphthalate)

126:901.6038@26.1 (Phosphatidylinositol 19:0-20:4; LC-ESI-ITFT; MS2; [M-H]-; RT: 24.37; Exp: 1)
127:607.8383@20.2 (AC1L4HXI)

34:432.3389@1.0 ((1S*,45%)-4-(2-(TERT-BUTYLDIMETHYLSILOXY)ETHYL)-3-0X0-4,8,12-TRIMETHYLCYCLOTETRADECA-7(E),11(E)-DIENYL CYANIDE; EI-B; MS)
102:432.6118@0.5 (ACINRVRU)

140:767.2388@8.4 (28043-31-4)

167:328.4758@1.5

142:602.5644@20.2 (tetrasilver(1+) diphosphate)

145:575.6412@18.7 (AC1L2ATR)

81:765.7792@25.3 (AC1ILBKDL)

111:737.0443@25.7 (adenosine tetraphosphopyridoxal)

150:760.9891@25.2 (bis(di yphosphinothioylsulfanyl)stibanylsulfanyl-dipropoxy-sulfanylidene-$1{5}-phosphane)
5:663.8078@24.8 (BRN 2909894)

94:595.3025@5.3 (AC1L1BB5)

2:679.7472@8.2 (Ammonium, (5-bromo-2-furfuryl)dimethyl(5-(2,4,6-tril | ) tyl)-, bromide)
21:622.7225@22.6 (3,3',5-triiodothyroacetic acid)

148:679.7171@6.4 (Ammonium, (5-bromo-2-furfuryl)dimethyl(5-(2,4,6-trik I )pentyl)-, bromide)
26:885.7467@26.7 (Triolein)

29:886.6297@26.7 (Tetracesium 4,4'-carbonyldiphthalate)

104:903.6351@26.0 (64346-20-9)

121:887.6776@26.7 (AC1L315G)

49:679.7482@8.3 (Ammonium, (5-bromo-2-furfuryl)dimethyl(5-(2,4,6-tril pl ) , bromide)
97:901.5952@26.1 (Phosphatidylinositol 19:0-20:4; LC-ESI-ITFT; MS2; [M-H]-; RT: 24. 37 Exp 1)
87:621.8651@22.7 (AC1IME2EK)

14:535.4002@8.0 (1,4-DIDODECYL SULFOSUCCINATE)

109:931.6710@26.3 (piperazine-1,4-diyldiethane-2,1-diyl dioctadecanoate- methyl hydrogen sulfate(1:2))
118:622.7689@22.8 (3,3',5-triiodothyroacetic acid)
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