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Abstract

:

Biological-based conversion of agricultural residues into bioactive compounds may be considered to be the basis for various vital industries. However, finding a suitable microorganism is a challenge in the bioconversion process. Therefore, this study was conducted to find local fungal isolates able to convert a combination of plant biomass residues into organic acids (OAs). Based on their cellulase and phytase activities and rock phosphate (RP) solubilization potential, an efficient 15 fungal isolates (named F1 to F15) were selected and identified by both morphological and molecular methods using the 18S rRNA sequencing technique. The best fungal isolate (F15) was identified as Aspergillus japonicus. After 4 weeks of incubation below solid-state fermentation (SSF) with a mix of sugarcane bagasse and faba bean straw (3:7), with 7.5% (v/w) fungal inoculum to the growth medium, the biodegradation process by the fungus reached its peak, i.e., maximum cellulolytic activity and RP solubilization ability. Under such fermentation conditions, seven organic acids were detected using HPLC, in the following order: ascorbic acid > oxalic acid > formic acid > malic acid > succinic acid > lactic acid > citric acid. Based on the results, Aspergillus japonicus (F15) could produce OAs and cellulose enzymes, and could be considered a new single-step bio-converter of sugarcane bagasse and faba bean straw residues into OAs. Furthermore, this fungus could be a new source of fungal cellulose, and could present a practical approach to reducing environmental contamination. Additional work is encouraged for more optimization of fermentation conditions.
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1. Introduction


Microbial bioconversion of agro-residues into cellulosic biomass is a prominent source of renewable, cheap, and unexploited energy [1,2]. The bio-residues include stems, leaves, corn kernels, bagasse, woody crops, and forest residues. Moreover, many lignocellulose residues can be produced primarily from the byproducts of industrial and agricultural processes, including municipal solid residues, citrus peel residues, sawdust, paper pulp, paper mill sludge, and kitchen waste [3,4].



Bioconversion of biomass has important advantages over other alternative energy strategies, because biomass is the most abundant and the most renewable biomaterial on our planet. Bioconversion of lignocellulosic residues is initiated primarily by microorganisms such as fungi and bacteria that are capable of degrading lignocellulolytic materials. Fungi such as Trichoderma reesei and Aspergillus niger produce large amounts of extracellular cellulolytic enzymes, whereas bacteria and a few anaerobic fungal strains mostly produce cellulolytic enzymes in a complex called a cellulosome, which is associated with the cell wall. In filamentous fungi, cellulolytic enzymes such as endoglucanases, cellobiohydrolases (exoglucanases), and β-glucosidases work efficiently on cellulolytic residues in a synergistic manner. In addition to cellulolytic/hemicellulolytic activities, higher fungi such as basidiomycetes (e.g., Phanerochaete chrysosporium) have unique oxidative systems that, together with ligninolytic enzymes, are responsible for lignocellulose degradation [5]. Aspergillus japonicus can release soluble phosphate from rock phosphate (RP) and excrete multiple organic acids; the primary mechanism of RP solubilization is the production of organic acids [6]. Furthermore, Nasr et al. [7] discovered that A. japonicus was the most capable fungus in solubilizing phosphate rock, producing various organic acids (i.e., salicylic, ascorbic, citric, formic, lactic, oxalic, and malic acids) during this process. On the other hand, Atallah and Yassin [8] found that Aspergillus japonicus produces a high content of oxalic acid compared to other Aspergillus spp., suppressing the growth of Sclerotinia sclerotiorum.



About 50% of carbon globally fixed by photosynthesis is found in the lignocelluloses of plant cell walls. Lignocelluloses are abundant, and are possible substrates for bioconversion. Lignocellulosic components comprise three major components (i.e., hemicellulose, cellulose, and lignin) of plants’ cell walls, and have high proportions in biomass crops [9].



Renewable resources have become an important raw material for industries’ green and sustainable development as a substitute for petrochemical resources. Lignocellulose resources, which are abundant in hemicellulose, lignin, and cellulose, are the most widely distributed and widespread renewable resources on Earth. Bagasse, a cellulose residue obtained after crushing and pressing sugarcane juice, is an essential renewable biomass resource. Sugarcane is an annual crop, and its fiber morphology is closer to that of wood fiber than that of other grass fibers. Therefore, bagasse is considered to be an ideal fiber material, of which cellulose accounts for approximately 46–55% [10]. Moreover, large quantities of agricultural yield residues are burned in open fields, particularly in production areas with a high population density, developed economic zones, and affluent scorbutic fuel preparation [11,12,13].



Several industrial waste products, due to their organic and nutrient-rich composition, have been utilized as resources for the production of value-added products such as organic acids, biofuels, biopesticides, biohydrogen, enzymes, and bioplastics via microbial fermentation processes [14].



The cultivated area of sugarcane and faba bean plants in 2020 was 136,500 and 27,813 hectares, respectively, based on data from the Ministry of Agriculture and Land Reclamation, and these crops generated large amounts of agro-residues after harvest processes; the productivity of an acre of sugar cane and faba bean crops is estimated at 2 tons, respectively, which means that the total production of sugar cane is approximately 650,000 tons. The municipal bean crop is around 132,442 tons, and the amount of waste generated is estimated at one-third of the produced quantity. Sugar cane bagasse is estimated at 216,667 tons, and faba bean straw at 44,147 tons. Therefore, new technology must reuse these agricultural residues in an environmentally friendly manner to deal with residues readily and significantly—primarily to protect plants from harmful disease vectors [1,15,16]. The value of the global organic acid market stood at USD 6.94 billion in 2016, and is projected to reach USD 12.54 billion by the end of 2026. Organic acids constitute a significant portion of the global fermentation market, and microbiological production is an economic alternative using pretreated agricultural waste [17].



Lignocellulosic biomass is degraded through the synergistic effects of three cellulase complex enzymes, including endoglucanases (endo-1, 4-β-glucanases, EC 3.2.1.4), cellobiohydrolases (exo-1, 4-glucanases, EC 3.2.1.91), and beta-glycosides (-D-glucoside glucohydrolases, EC 3.2.1.21) [18,19]. Using microorganisms is a promising method for breaking down lignocellulose through bioconversion to microbial biomass as a nutritional supplement, improved by the cellulosic and hemicellulosic components of agricultural residues. In this context, cellulolytic fungi play a critical role in natural biodegradation by producing cellulolytic enzymes, and these enzymes have been applied in different technological industries [20,21,22]. Some Aspergillus spp. are considered to be a reservoir for the manufacture of OAs [23].



Yeasts and fungi can convert the simpler carbohydrates such as sugars and malic acid in grape and apple pomace to ethanol and high-value carboxylic acids, such as lactic, fumaric, succinic, and citric acids [24]. Aspergillus is one of the most important industrial filamentous fungal species; it is nontoxic, safe for production, and offers several advantages, such as higher productivity, higher yields, and lower contamination risk. Thus, these fungal isolates are utilized. Filamentous fungi of the genus Aspergillus are crucial for the generation of bio-based OAs. Due to their exceptional ability to secrete substantial volumes of desirable OAs, a variety of Aspergillus strains derived from phylogenetically distantly correlated spp. have been effectively employed in the industrial manufacture of OAs. Several decades have been spent trying to uncover the procedures of OAs’ biosynthesis in various Aspergillus spp., and using genetic engineering to increase the production of preferred OAs. The development in genetic engineering of aspergilli for the generation of OAs is highlighted in this study, which outlines recent advancements in the basic knowledge of physiological aspects of OAs’ production by fungal biocatalysts. The difficulties of using aspergilli as commercial cell factories for the manufacture of OAs in the future are also explored.



Solid-state fermentation (SSF) is the multiplication of microbes on the surface and the interior of a solid support (i.e., inert support or substrate), not including any free-running water. The typical microbial flora used in SSF are filamentous fungi, because of their hyphal growth and higher production of enzymes and byproducts compared to other techniques [25,26]. Moreover, the SSF technique has many advantages, such as the low volume of liquid required to recover of product. Thus, it can lower the cost of final manufacturing and consequent residue processing, increase the availability of simple and inexpensive nutrients of fermentation, reduce power requirements, and usually produce higher yields, because the absence of free-flowing water in the pollutants prevents their growth, reducing the risk of pollution [27,28]. Thus, this work was designed to obtain efficient cellulolytic fungi of the Aspergillus genus for the biodegradation of biowaste materials—i.e., sugarcane bagasse (SB) and faba bean straw (FBS)—under SSF by filamentous fungi for the production of OAs.




2. Materials and Methods


2.1. Substrates


The agro-residues—sugarcane bagasse (SCB) and faba bean straw (FBS)—were dried at 70 °C and ground in an electric mill. The chemical analysis of these residues was conducted as described by Westerman [29], and the results are summarized in Table 1. The rock phosphate used in the current study was (RP, 7.97%).




2.2. Isolation of Fungal Isolates from Sugarcane Bagasse and Faba Bean Straw


Samples of decayed sugarcane bagasse (SCB) and faba bean straw (FBS) were crushed, suspended in saline solution (NaCl 8.5 g/L), and then stirred for 10 min. One milliliter of the suspension was added to microcrystalline cellulose agar (Sigma-Aldrich, St. Louis, MO, USA) and kept at 28 °C for five days [30]. The pure colonies on the plate with surrounding clear zones were collected for isolation, selection due to their characteristics, and primary identification according to Abo-State [31]. The fungi were maintained on potato dextrose agar (PDA: M069, MIMEDIA, Mumbi, India).




2.3. Inoculum Preparation


The 15 fungal isolates were selected based on their growth on microcrystalline cellulose agar. Each isolate was cultured on plates of PDA and kept for one week at 28 °C. The fungal isolates were enveloped with sterile distilled water (10 mL for each isolate), and suspensions were prepared for inoculation. The inoculum for further studies was adjusted with sterilized distilled water to 1.8 × 108 spores/mL for inoculation.




2.4. Screening of Fungal Isolates


The fungal isolates were screened for cellulase production from the isolation trial using 100 mL of potato dextrose (PD) medium adjusted to pH 5 in Erlenmeyer flasks (500 mL). The flasks were inoculated with 1 mL of inoculum containing 1.8 × 108 spores/mL. The inoculated flasks were kept at 28 °C for 5 days on a rotary shaker at 150 rpm. After the incubation time, the biomass of the fungi was extracted by filtration. The obtained filter sheet was dried at 70 °C in an oven until the weight became stable, and was then weighed. The multiplication of fungi was detected in terms of the dry weight (DW) of mycelium (mg/flask) [32]. Otherwise, the filtrate was applied as rough enzyme (RE) accommodation to evaluate cellulase activity (CMCase, FPase and β-glucosidase).




2.5. Cellulase Activity Test


The cellulase activity was measured by incubating 1.0 mL of fungal growth filtrate containing RE and a 1.0 mL buffer of 0.1 M citrate (pH 4.8) with 1% salicin, CMC, and 50 mg of powdered Whatman No. 1 filter paper as substrates (CF) for 20, 40, and 60 min, respectively, at 50 °C. Cellulase activities were estimated by calculating the reduction in sugar levels using the dinitrosalicylic acid method, as described by Ghose [33]. One unit of enzyme activity was identified as the quantity of enzyme that produced 1 μmol of glucose per minute. β-Glucosidase and CMCase assays were performed as described by Miller [34], and the filter paper assay was performed as described by Ghose [33]. A set of reference standard solutions and curves were prepared for each estimation and determined for calculation.




2.6. Rock Phosphate Solubilization Assay


The more active cellulolytic fungal isolates in terms of their rock phosphate (RP) solubilization efficacy were selected using the liquid medium described by Nautiyal [35]. Erlenmeyer flasks (500 mL) containing 100 mL of broth medium (gL−1)—glucose, 10; (NH4)2SO4, 0.1; MgSO4. 7 H2O, 0.25; KCl, 0.2; MgCl2, 0.6; H2O, 5.0—and 25 mg P2O5 as the source of P (rock phosphate) were inoculated with 5% (v/v) of each isolate and kept at 28 °C on a rotary shaker at 150 rpm for one week. The pH, titratable acidity (TA), soluble P, and phytase activity were measured in the supernatants obtained by centrifugation at 4000 rpm for 5 min, as described by Cerezine et al. [36], Westerman [29], and El-Sawah et al. [37]. The phytase activity was identified as the quantity of enzyme that produced 1 µmol of inorganic phosphorus mL−1 min−1.




2.7. Detection of the Best Fungal Isolates


The isolates were identified for the genus Aspergillus based on morphological and phenotypic criteria defined by several authors [38,39,40,41]. The best isolates were determined based on 18S rRNA gene sequence analysis. Sequencing was performed using an automated DNA sequencer (ABI Prism 3130 Genetic Analyzer by Applied Biosystems Hitachi, Chiyoda, Tokyo, Japan). Genomic DNA was obtained by the hexadecyltrimethylammonium bromide (CTAB) technique, and the integrity and level of purified DNA were established by agarose gel electrophoresis [42]. The DNA level was customized to 20 ng/μL for PCR amplification. The forward primer used with the isolates was (5\AGA GTT TGA TCC TGG CTC AG 3\), and the reverse was (5\ GGT TAC CTT GTT ACG ACT T 3\). PCR products were isolated by electrophoresis on 1.5% agarose gels stained with ethidium bromide and documented using the AlphaImager TM1200 documentation and analysis system. The obtained polymorphic differences were analyzed via the program NTSYS-PC2 by assessing the distance of isolates using Jaccard’s similarity coefficient. The recovered 18S rRNA of the isolates was compared to the sequences in the NCBI GenBank database using the Basic Alignment Search Tool (BLAST) and inferring the tree’s topology via the clustering method UPGM. The sequences were registered in the NCBI database.




2.8. Solid-State Fermentation (SSF)


As described by Xu et al. [43], the hydrolysis of various substrates via an SSF method was performed in 500 mL Erlenmeyer flasks. About 20 g of each substrate’s powder was taken in individual flasks, and 30 mL of mineral salt solution ((g L−1): 4.0 KH2PO4, 1.6 (NH4)2SO4, and 1.0 MgSO4) was added as a moistening agent. Before autoclaving, 100 mg of P2O5 as a source of P (rock phosphate) was added individually to each flask. The substrate was inoculated with 5% inoculum from the spore suspension containing ~1.4 × 108 spores mL−1 [44]. The starting moisture content was adjusted to 65% and kept at 28 °C for 9 days under static conditions, and at the end of the fermentation time, 0.05 M citrate buffer (pH 4.8) was added to give a total of 50 mL/flask. The flasks were shaken at 150 rpm for 30 min, filtered via Whatman No.1 filter paper, and then centrifuged for 10 min at 4000 rpm to obtain a clear filtrate. The filtrate was tested for both cellulase enzymes and soluble P. Additionally, effects of the time course (0–35 days), five concentrations of P (0.0, 25, 50, 75, and 100 mg P2O5 from RP), and 4 inoculum ratios (2.5, 5.0, 7.5, and 10%, v/w) were studied under different ratios of SCB and FBS residue mixtures using the best selected fungal isolate.




2.9. Synthesis of Organic Acids


For further optimization trials with SSF, the optimal fermentation conditions were implemented for the production of OAs, and remnants of the fermentation process were dried in an oven at 80 °C to constant weight to estimate residual DW. Furthermore, the extracts from the decomposition process were applied to measure pH, TA, P, and cellulase activity, as described above. The contents of OAs were determined by high-performance liquid chromatography.




2.10. High-Performance Liquid Chromatography (HPLC)


The quantities and levels of the produced OAs in the hydrolysates were assessed via HPLC. Ascorbic, citric, formic, lactic, maleic, oxalic, and succinic acids were assessed by HPLC using the “Win Chrome Chromatography Version 1.3 software PerkinElmer, USA, GBC U.V/Vis Detector and GBC L.C 1110 Pump” HPLC instrument, and a 100 × 4.6 mm KROMASIL column with a mobile phase of 0.2 M H2PO4: methanol (90:10) (0.72:0.08), at a flow rate of 1mL/min. Recognition was recorded by UV absorbance at 254 nm. The OAs were quantified by reference to the peak areas and the retention periods for each OA. The HPLC technique was satisfactory (Andersson and Hedlund, 1983). Organic acid analysis was performed via HPLC (Agilent 1100 HPLC system), using a Hyper REZXP Carbohydrate H 8 µm column (300 × 7.7 mm) with a mobile phase of 5 mM H2SO4, a flow rate of 0.6 mL/min, and a column temperature of 55 °C.



The injection volume of the samples applied for HPLC analysis was 20 µL of the final extract. Detection was performed by UV absorbance at 280 nm. The acetic acid was detected and quantified using an Atlantis™ dC18 column (2.1 mm × 150 mm) with a particle size of 5 µm. Two mobile phases were employed to produce a linear gradient with a 0.2 mL/min flow rate. Mobile phase A was water with 0.01% (v/v) formic acid, and mobile phase B was acetonitrile with 0.01% (v/v) formic acid. The linear gradient was from 0% to 10% B for the first 12 min, and from 10% to 50% B for the next 3 min; mobile phase B was kept at 50% for 3 min, and then lowered to 0% for 1 min. The temperature of the column was maintained at 28 °C, and the injection volume was 5 µL. The OAs were quantified by reference to the peak areas and retention periods achieved, compared to the authentic standards for the seven OAs in in the mobile phase [45]. The process of bioconversion of some agro-residues into organic acids by Aspergillus japonicus is presented in Figure 1.




2.11. Statistical Analysis


The trials were carried out in independent biological triplicates, and the data are presented as mean values ± standard deviation. SAS was used to carry out all of the statistical approaches. Tukey’s test (p < 0.05) was used to assess all data.





3. Results and Discussion


3.1. Identification of Cellulase Production and RP Solubilization by Fungal Isolates


Fifteen fungal isolates, which showed the maximum cellulolytic activity on agar plates, were recovered from SCB (10 isolates) and FBS (5 isolates) residues. These fungi were selected preliminarily based on the distinguished characteristics of their colonies and their microscopic morphology (Figure 2). After growth of the fungal isolates on malt extract 20% sucrose agar (MEA) [46], microscopic observations were carried out on conidiophores produced on MEA after 7–10 days. These belonged to 15 fungal spp. of the genus Aspergillus, as follows: Aspergillus japonicus (10 isolates, named F1, F2, F3, F4, F5, F6, F7, F8, F9, and F15), and A. niger (5 isolates, named F10, F11, F12, F13, and F14). The colony morphology of Aspergillus sp. showed a black-colored colony, and the microscopic photograph showed the arrangement of the conidia.



The genus Aspergillus is characterized by the formation of flask-shaped or cylindrical phialides in either a single or double series on the surface of a vesicle at the apex of a conidiophore [47]. Conidia are deciduous and globose, oblong-to-elliptical in shape, and present various colors. In 1985, Gams et al. revised the groups and assigned them to 18 sections as a formal taxonomic status [48]. Currently, there are approximately 250 species assigned to 17 sections in the family Aspergillaceae [46], and this number will continue to grow as new species are described. Filamentous fungi from the genus Aspergillus are of high importance for bio-based organic acid production. To date, a number of Aspergillus strains belonging to phylogenetically distantly related species have been successfully applied in the industrial production of organic acids, due to their excellent capabilities of secreting high amounts of the desired organic acids [49]. Aspergillus is a diverse genus containing many species recorded as efficient organic acid producers. In general, the reported aspergilli for organic acid production can be divided into two major groups: industrial workhorses, and species with potential for organic acid production. The classification and identification of Aspergillus species has been based on phenotypic characteristics, but in recent decades has been strongly influenced by molecular and chemotaxonomic characterization. Thus, the fungal isolates (F5, F11, F14, and F15) were selected for identification based on molecular documentation using 18S rRNA gene sequencing.



The recovered sequences of 550 bp of amplified 18S rRNA fragments on agarose gel revealed a resemblance of the target sequences to the closely related fungal sequences of Aspergillus spp. It is a fact that the Aspergillus spp. F5, F11, F14, and F15 are highly similar to Aspergillus japonicus. The molecular characterization of the cellulolytic RP-solubilizing Aspergillus japonicus isolate named SM was performed based on 18S rRNA gene sequencing. This sequence was submitted to GenBank with the accession number MN960315, and aligned with other 18S rRNA sequences of Aspergillus spp. obtained from the GenBank databases by BLAST searches, showing 99.76% homology with those of many species of the genus Aspergillus. The phylogenetic correlation between the strain SM and other correlated fungi, on the basis of 18S rRNA gene sequencing of members of the genus Aspergillus, was determined (Figure 3) following the procedure of neighbor-joining. The tree appeared to show a close phylogenetic association of the strain SM with certain other Aspergillus spp. Phylogenetic analysis suggested that the strain SM consistently falls into a clade together with A. japonicus strains (Figure 3). Thus, it is suggested that the strain SM should be included in the genus Aspergillus as A. japonicus strain SM (MN960315.1).




3.2. The Cellulosic Activity of the Isolated Fungi from SCB and FBS


Most of the isolated fungi revealed good growth and strong sporulation on the incubation media. Cellulase production was quantitatively determined on the broth media, and the activity of cellulase enzymes is shown in Figure 4. As mentioned, the cellulase activities of isolates F5, F11, F14, and F15 were higher than those of the other isolates. These isolates are valuable in the bioconversion of cellulosic residues. Nasr et al. [7] found that A. japonicus was more efficient at solubilizing insoluble phosphate than other fungal isolates during phosphate solubilization. This fungal strain produced more than six different OAs compared to Penicillium spp.




3.3. Rock Phosphate (RP) Solubilization by the Isolated Fungi


After cellulose production and rock phosphate solubilization (Figure 4 and Table 2), the fungal isolates recovered from the earlier assessment were further screened based on RP solubilization. Commonly, as shown in Table 2, all fungi reduced the final culture pH to the acidic side. Additionally, four isolates appeared to have phytase activity, and released soluble P from RP. In descending order, the amounts of soluble P produced were 30.151, 29.972, 29.605, and 29.091 µg mL−1 in the F15, F11, F14, and F5 culture filtrates, respectively, compared to the other isolates, meaning that these fungi have an effective system for RP solubilization.




3.4. Cellulase Synthesis and RP Solubilization by A. japonicus under SSF Conditions


After the earlier screening experiments and molecular detection, A. japonicus was grown under SSF conditions to optimize cellulase manufacturing and RP solubilization. For this purpose, five incubation periods (1–5 weeks), four levels of P (25–100 mg P2O5 from RP), and four inoculum ratios (2.5–10%, v/w) were studied under different ratios of SCB and FBS residues. The time-course profiles of FPase, CMCase, and β-glucosidase synthesis, as well as soluble P during SSF, appeared to be the same, and these enzymes increased under the same conditions with A. japonicus (Table 3). OF the different treatments, T4 (0.3 g SCB + 0.7 g FBS) recorded the best treatment for the production of the tested enzymes, which elevated dramatically in the first three weeks and achieved a maximum in the fourth week, before reducing in the fifth week. A parallel trend was noticed in the RP solubilization process.



The probable reason for increased enzyme activities is that the enzyme synthesis in different microorganisms achieved the highest levels in the log phase and declined during death. During the death phase, reduction in nutrient levels and cellular fragmentation are widespread, facilitating the liberation of intracellular materials and proteases in the fermentation broth [50,51]. Different results were reported by several investigators, including Liua and Orskovb [52], Badhan et al. [53], Saber et al. [54], El–Nahrawy et al. [55], and Narsale et al. [56]. Considering the incubation period, the time-course was selected as four weeks for subsequent studies.



The C/N ratio is significant for any fermentation process. A proper C/N ratio for pure culture is necessary to optimize aerobic fermentation from organic substrates under submerged conditions. It is therefore necessary to maintain proper composition of the feedstock for efficient scaling-up [57]. Moreover, at lower C/N ratios, during fermentation by Aspergillus giganteus, a filamentous form of growth was maintained, with the hyphae being scarcely branched and without bulbous cells. Membrane perturbation due to the induction of intracellular oxidative stress was also noted at higher C/N ratios [58].




3.5. Concentrations of RP


The data in Table 4 show that soluble P increased with the increase in RP levels, up to 75 mg P2O5 from RP under the T4 treatment (0.3 g SCB + 0.7 g FB), and these results were reflected in cellulase production by A. japonicus. The descending order of RP concentration for cellulase production was as follows: 75 mg P2O5 > 50 mg P2O5 > 25 mg P2O5 > 100 mg P2O5 (FPase, CMCase, and β-glucosidase); however, as the order was 75 mg P2O5 > 50 mg P2O5 > 100 mg P2O5 > 25 mg P2O5 for RP solubilization. The RP plays a critical role during SSF of plant residues. Thus, the content of P in RP should be considered when assessing the quantity of RP. Bio-solubilization of RP is a complex process due to its complex structure and specific particle size.



The earlier experiments showed a potent relationship between the solubilization of insoluble P and the reduction in the pH of the cultivation media. As described by Cerezine et al. [36], the metabolic processes of carbon and nitrogen sources impact total OA synthesis and reduces the pH of the cultivation media, with a consequent impact on the solubilization of insoluble P. In the study by Saber et al. [54] under SSF conditions with two fungal strains—A. niger and Phanerochaete chrysogenum—as well as rice and wheat straw, the initial concentration of RP was 75 mg P2O5. Moreover, Youssef [59] showed that Botrytis sp. MY29, P. purpurogenum MY48, A. niger MY55, and A. niger MY81 were fungi with cellulolytic activities and phosphate solubilization under SSF conditions.




3.6. Inoculum Ratio


As shown in Table 5, the inoculum ratio for cellulase production and soluble P by A. japonicus in the T4 treatment (0.3 g SCB: 0.7 g FBS) was found to be 7.5%, which recorded 51.41, 98.31-, and 322.60-units g−1 for FPase, β-glucosidase, and CMCase, respectively. Subsequently, when the inoculum size was increased, the cellulase activity decreased, as did soluble P. Inoculum ratios above 7.5% led to a decrease in enzyme synthesis. The decrease in enzyme production was related to the clumping of cells, reducing the sugar and oxygen uptake rates [54,55,60].




3.7. Production of Organic Acids


The production of organic acids (OAs: mg g−1 ± SD) by A. japonicus (F15) during SSF of a mixture of sugarcane bagasse and faba bean straw (3:7), in the presence of rock phosphate, was evaluated in the present study. Upon the optimal fermentation process, A. japonicus was grown in a mixture of 0.3: 0.7 g SCB: FBS, 75 mg P2O5 from RP, and 7.5% (v/w) fungal inoculum. After 3 weeks of incubation, seven organic acids were detected using HPLC, in the following order of abundance: ascorbic acid (0.531 ± 0.45) > oxalic acid (0.518 ± 0.76) > formic acid (0.287 ± 0.55) > malic acid (0.279 ± 0.67) > succinic acid (0.253 ± 0.53) > lactic acid (0.249 ± 0.57) > citric acid (0.158 ± 0.34 mg g−1 waste). The standard curve of organic acids detected by HPLC was found in Figure S1, and the detected organic acids produced by A. japonicus were found in Figure S2. The strain F15 could produce OAs/cellulose enzymes, and can be considered a new single-step bio-converter of sugarcane bagasse and faba bean straw residues into OAs. The results indicated that oxalic and ascorbic acids were the most common acids produced as a result of the fungal strain’s activities. This study proves the advantage of cheap and abundantly available sugarcane bagasse and faba bean straw residues as a mixture under SSF conditions, using A. japonicus MN960315 as a suitable converter of cellulosic biomass into OAs. Our results also show the significance of native fungal isolates—especially A. japonicus—and the advantages of the biowastes for the efficient accumulation of various organic acids.



Andersson and Hedlund [61], El-Naggar and El-Hersh [62], and Saber et al. [63] reported that some OAs are produced by fungal strains grown by SSF methods. Moreover, OAs can be detected in hydroxylated fermented products of A. niger MY7 No. 81 and Phanerochaete purpurogenum MY25 No. 48 after SSF on rice straw in rock phosphate, as reported by several authors. The concentration of salicylic acid was higher than other detected OAs; these findings were reported by Nasr et al. [7] with A. japonicus, which produced considerable contents of OAs in the following order in vitro: salicylic > ascorbic > citric > formic > lactic > oxalic and malic acids. Furthermore, this fungus has more efficiency in phosphate solubilization than Penicillium spp. The types of OAs affected the solubilization of insoluble phosphates, as well as the kind and status of the practice group in each acid determined to be a prevalent agent that may influence the quantity of emitted P [64].





4. Conclusions


The obtained results indicate the suitability of using cheap and abundantly available sugarcane bagasse and faba bean straw residues as a mixture under solid-state fermentation (SSF) conditions in the presence of Aspergillus japonicus MN960315 to convert cellulosic biomass into organic acids (OAs). Of the 15 fungal isolates investigated, A. japonicus with a mixture of sugarcane bagasse and faba bean straw (3:7), with 7.5% (v/w) fungal inoculation, was the best for this fermentation of agricultural waste to produce seven organic acids (i.e., ascorbic acid, oxalic acid, lactic acid, formic acid, succinic acid, citric acid, and malic acid). A. japonicus can be used as a promising fungal strain, and represents a valuable approach to reducing environmental contamination. However, further optimization studies should be conducted for exploring the optimal operation conditions to maximize green biosynthesis of OAs and minimize the fermentation period. Consequently, both traditional and modern, novel techniques should be improved and utilized to afford new strains to construct super-producers, together with finding compatible and affordable substrates. Hopefully, fermentation by Aspergillus—especially novel industrial filamentous fungal species, which are nontoxic, safe for production, and offer advantages such as higher productivity, higher yields, and lower contamination risk—will be the conventional, all-purpose technique used for the commercial production of natural organic acids in the not-too-distant future.
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Figure 1. A graphical presentation of the bioconversion of some agro-residues into organic acids by Aspergillus japonicus. 
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Figure 2. Images of Aspergillus japonicus in the dish, as well as pictures of the spores under a light microscope at 400× magnification. 
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Figure 3. Molecular phylogenetic tree of the partial 18S rRNA sequence of Aspergillus japonicus MN960315. 
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Figure 4. The activity of CMCase cellulases in the filtrates of different isolated fungi. 
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Table 1. Chemical analysis of the two agro-residues used in this study.
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	Parameters *
	Sugarcane Bagasse
	Faba Bean Straw





	Organic carbon (%)
	56.00 ± 0.12
	44.00 ± 0.34



	Total N (%)
	0.70 ± 0.22
	1.47 ± 0.11



	C/N ratio
	80.00 ± 0.14
	29.93 ± 0.35



	Total P (%)
	0.23 ± 0.09
	0.32 ± 0.07



	Total K (%)
	0.79 ± 0.16
	1.34 ± 0.08







* Each presented value for all parameters represents the mean (± SD) of three replications of the experiment.
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Table 2. Bio-solubilization of rock phosphate by different Aspergillus spp.
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	Fungal Isolates
	Final Culture

pH *
	Titratable Acidity (µg NaOH mL−1) *
	Soluble P (µg mL−1) *
	Phytase

(U mL−1) *





	F1 (Aspergillus spp.)
	5.19 ± 0.23 a
	67.48 ± 0.23 b,c
	24.47 ± 0.43 b,d
	15.10 ± 0.23 a,b



	F2 (Aspergillus spp.)
	5.76 ± 0.13 a
	74.88 ± 0.22 a,b
	24.03 ± 0.54 c,d
	12.15 ± 0.35 e



	F3 (Aspergillus spp.)
	5.57 ± 0.15 a
	72.44 ± 0.32 b
	24.95 ± 0.22 b,c
	14.29 ± 0.41 c,d



	F4 (Aspergillus spp.)
	5.73 ± 0.23 a
	74.54 ± 0.24 a,b
	23.80 ± 0.12 d
	15.29 ± 0.33 c



	F5 (Aspergillus spp.)
	4.82 ± 0.18 b
	53.82 ± 0.27 d
	29.09 ± 0.15 a
	16.21 ± 0.21 a,b



	F6 (Aspergillus spp.)
	5.91 ± 0.14 a
	76.88 ± 0.28 a
	22.55 ± 0.17 e
	14.23 ± 0.23 d



	F7 (Aspergillus spp.)
	5.95 ± 0.14 a
	77.35 ± 0.23 a
	21.11 ± 0.31 e
	14.87 ± 0.11 d



	F8 (Aspergillus spp.)
	5.31 ± 0.18 a
	69.09 ± 0.25 b
	20.20 ± 0.32 e,f
	14.00 ± 0.23 d



	F9 (Aspergillus spp.)
	5.79 ± 0.11 a
	75.36 ± 0.24 a
	19.22 ± 0.35 f,g
	14.59 ± 0.28 c



	F10 (Aspergillus spp.)
	5.20 ± 0.09 a
	67.63 ± 0.34 b,c
	25.29 ± 0.37 c
	15.02 ± 0.37 b,c



	F11 (Aspergillus spp.)
	4.41 ± 0.17 b
	60.75 ± 0.29 d
	29.97 ± 0.45 a
	16.44 ± 0.55 a



	F12 (Aspergillus spp.)
	5.573 ± 0.13 a
	72.44 ± 0.30 a,b
	23.68 ± 0.44 c,d
	15.29 ± 0.32 b,c



	F13 (Aspergillus spp.)
	5.932 ± 0.16 a
	77.11 ± 0.33 a
	24.79 ± 0.12 b
	15.39 ± 0.31 b,c



	F14 (Aspergillus spp.)
	4.652 ± 0.18 b
	57.33 ± 0.39 e
	29.60 ± 0.23 a
	16.33 ± 0.33 b



	F15 (Aspergillus spp.)
	4.330 ± 0.16 b
	62.47 ± 0.35 d,e
	30.15 ± 0.13 a
	17.78 ± 0.36 a







* The data are presented as the mean ± SD of three replicates. The superscript lowercase letters within columns indicate significant differences in the rock-phosphate-solubilizing ability of the different isolates (p < 0.05).
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Table 3. Time-course profiles of cellulase production and P solubilization by A. japonicus under different ratios of sugarcane bagasse and faba bean straw residues.
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Treatment

	
FPase

(Unit g−1) *

	
β-Glucosidase

(Unit g−1) *

	
CMCase

(Unit g−1) *

	
Soluble P

(µg g−1) *






	
First week




	
T1

	
22.34 ± 2.2

	
66.02 ± 6.50

	
166.29 ± 11.20

	
60.01 ± 4.30




	
T2

	
24.39 ± 3.2

	
71.17 ± 5.98

	
159.99 ± 10.12

	
66.07 ± 4.61




	
T3

	
25.75 ± 2.6

	
75.25 ± 6.01

	
166.97 ± 12.00

	
68.15 ± 4.88




	
T4

	
30.49 ± 2.9

	
90.47 ± 6.00

	
171.45 ± 13.65

	
70.07 ± 5.09




	
T5

	
29.30 ± 3.3

	
88.9 ± 5.50

	
167.39 ± 12.87

	
68.12 ± 5.12




	
T6

	
27.12 ± 2.4

	
80.36 ± 7.02

	
166.56 ± 9.23

	
60.16 ± 5.00




	
T7

	
26.39 ± 2.1

	
77.17 ± 6.22

	
162.88 ± 9.12

	
67.12 ± 4.89




	
Second weeks




	
T1

	
26.66 ± 3.2

	
70.46 ± 4.99

	
175.28 ± 13.23

	
67.76 ± 5.34




	
T2

	
27.71 ± 2.9

	
76.61 ± 5.54

	
169.98 ± 13.00

	
74.82 ± 4.98




	
T3

	
30.07 ± 2.8

	
80.69 ± 5.69

	
173.96 ± 14.55

	
77.9 ± 4.55




	
T4

	
34.81 ± 2.0

	
94.91 ± 6.87

	
182.44 ± 13.23

	
79.82 ± 4.87




	
T5

	
32.62 ± 3.1

	
91.34 ± 6.03

	
177.38 ± 12.89

	
76.87 ± 5.12




	
T6

	
30.44 ± 2.44

	
85.8 ± 6.69

	
174.55 ± 12.98

	
68.91 ± 5.87




	
T7

	
29.71 ± 2.9

	
82.61 ± 6.49

	
173.87 ± 14.56

	
73.87 ± 5.14




	
Third week




	
T1

	
30.56 ± 3.3

	
78.26 ± 5.88

	
189.50 ± 17.87

	
77.64 ± 5.23




	
T2

	
31.61 ± 3.2

	
82.41 ± 5.90

	
185.20 ± 15.00

	
83.7 ± 5.69




	
T3

	
32.97 ± 3.1

	
87.49 ± 6.33

	
189.18 ± 16.98

	
84.78 ± 5.45




	
T4

	
38.71 ± 2.8

	
95.71 ± 6.49

	
198.66 ± 17.00

	
88.7 ± 5.76




	
T5

	
37.52 ± 2.9

	
94.14 ± 6.54

	
185.6 ± 15.78

	
85.75 ± 5.11




	
T6

	
36.34 ± 2.6

	
91.6 ± 6.83

	
189.77 ± 17.00

	
77.79 ± 4.87




	
T7

	
34.61 ± 2.7

	
89.41 ± 6.23

	
183.09 ± 16.98

	
83.75 ± 4.98




	
Fourth week




	
T1

	
36.44 ± 2.6

	
80.16 ± 5.12

	
213.38 ± 21.76

	
88.77 ± 4.89




	
T2

	
37.49 ± 2.6

	
86.31 ± 5.29

	
209.08 ± 18.99

	
94.83 ± 5.22




	
T3

	
39.85 ± 2.1

	
91.39 ± 6.74

	
211.06 ± 17.54

	
96.91 ± 5.29




	
T4

	
43.59 ± 2.2

	
98.61 ± 7.02

	
212.54 ± 20.34

	
98.83 ± 5.87




	
T5

	
41.4 ± 2.9

	
97.04 ± 6.69

	
211.48 ± 19.00

	
97.88 ± 5.80




	
T6

	
40.22 ± 3.0

	
95.5 ± 6.34

	
211.65 ± 18.87

	
88.92 ± 5.66




	
T7

	
38.49 ± 3.2

	
93.31 ± 5.58

	
208.97 ± 19.89

	
86.88 ± 5.42




	
Fifth week




	
T1

	
28.67 ± 2.5

	
73.46 ± 5.67

	
177.17 ± 17.89

	
84.22 ± 5.12




	
T2

	
30.72 ± 2.9

	
81.61 ± 5.79

	
167.87 ± 17.22

	
90.28 ± 5.23




	
T3

	
31.08 ± 2.8

	
82.69 ± 6.73

	
174.85 ± 18.91

	
92.36 ± 5.98




	
T4

	
35.82 ± 2.0

	
89.91 ± 6.09

	
181.33 ± 16.16

	
94.28 ± 5.83




	
T5

	
34.63 ± 2.0

	
86.34 ± 6.71

	
177.27 ± 18.23

	
91.33 ± 5.12




	
T6

	
33.45 ± 2.1

	
84.8 ± 5.88

	
175.44 ± 17.77

	
83.37 ± 5.82




	
T7

	
33.72 ± 2.7

	
83.61 ± 5.74

	
174.76 ± 18.26

	
90.33 ± 5.48








T1: 0.9 g sugarcane bagasse + 0.1 g faba bean straw; T2: 0.7 g sugarcane bagasse + 0.3 g faba bean straw; T3: 0.5 g sugarcane bagasse + 0.5 g faba bean straw, T4: 0.3 g sugarcane bagasse + 0.7 g faba bean straw, T5: 0.1 g sugarcane bagasse + 0.9 g faba bean straw, T6: 0.0 g sugarcane bagasse + 1.0 g faba bean straw, T7: 1.0 g sugarcane bagasse + 0.0 g faba bean straw. * Each presented value for FPase, β-glucosidase, CMCase, and soluble P represents the mean (±standard deviation) of three replications of the experiment.
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Table 4. Concentrations of RP cellulase production and P solubilization by A. japonicus under different ratios of sugarcane bagasse and faba bean straw residues after 4-week incubation.
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Treatment

	
FPase

(Unit g−1) *

	
β-Glucosidase

(Unit g−1) *

	
CMCase

(Unit g−1) *

	
Soluble P

(µg g−1) *






	
25 mg P2O5




	
T1

	
25.04 ± 2.0

	
69.12 ± 5.40

	
176.49 ± 8.20

	
62.00 ± 3.40




	
T2

	
26.69 ± 2.2

	
74.37 ± 4.78

	
189.90 ± 9.02

	
66.77 ± 3.91




	
T3

	
26.15 ± 2.4

	
79.55 ± 5.09

	
199.47 ± 12.00

	
67.10 ± 4.18




	
T4

	
43.09 ± 1.6

	
93.17 ± 4.20

	
221.15 ± 10.05

	
72.54 ± 4.09




	
T5

	
39.10 ± 2.3

	
89.98 ± 4.40

	
197.99 ± 10.80

	
69.22 ± 5.42




	
T6

	
36.22 ± 2.9

	
86.76 ± 5.22

	
191.26 ± 9.93

	
62.76 ± 4.87




	
T7

	
32.49 ± 1.8

	
83.97 ± 4.72

	
182.18 ± 8.52

	
68.10 ± 4.93




	
50 mg P2O5




	
T1

	
28.60 ± 2.22

	
73.41 ± 3.19

	
198.20 ± 8.03

	
77.60 ± 5.39




	
T2

	
29.11 ± 2.91

	
77.41 ± 4.24

	
202.88 ± 8.29

	
79.44 ± 5.33




	
T3

	
36.00 ± 2.63

	
86.09 ± 4.39

	
218.90 ± 9.05

	
83.09 ± 5.15




	
T4

	
42.44 ± 2.44

	
98.71 ± 4.80

	
249.64 ± 9.13

	
94.42 ± 5.77




	
T5

	
37.43 ± 2.11

	
90.30 ± 4.83

	
240.28 ± 9.29

	
92.80 ± 5.00




	
T6

	
33.49 ± 2.15

	
89.22 ± 4.79

	
227.05 ± 8.48

	
88.11 ± 5.08




	
T7

	
31.27 ± 2.72

	
89.49 ± 5.09

	
210.17 ± 8.96

	
81.27 ± 4.98




	
75 mg P2O5




	
T1

	
34.28 ± 3.23

	
82.26 ± 6.07

	
199.71 ± 11.43

	
85.44 ± 6.22




	
T2

	
35.04 ± 3.21

	
85.41 ± 7.20

	
208.00 ± 11.29

	
88.51 ± 6.61




	
T3

	
39.69 ± 3.11

	
88.49 ± 7.73

	
248.10 ± 11.76

	
101.70 ± 6.35




	
T4

	
48.18 ± 2.80

	
103.71 ± 7.41

	
267.61 ± 12.33

	
116.76 ± 6.06




	
T5

	
45.34 ± 2.66

	
96.14 ± 7.54

	
251.80 ± 11.18

	
109.85 ± 6.21




	
T6

	
42.68 ± 2.82

	
96.6 ± 7.03

	
249.77 ± 11.30

	
103.59 ± 6.57




	
T7

	
37.42 ± 2.59

	
93.41 ± 7.13

	
231.19 ± 10.18

	
96.15 ± 6.78




	
100 mg P2O5




	
T1

	
31.72 ± 2.6

	
74.67 ± 6.66

	
190.54 ± 7.23

	
80.12 ± 6.02




	
T2

	
32.13 ± 2.6

	
81.88 ± 6.12

	
193.18 ± 7.19

	
82.60 ± 6.91




	
T3

	
35.67 ± 2.1

	
82.12 ± 6.48

	
198.08 ± 7.76

	
91.38 ± 6.65




	
T4

	
38.38 ± 2.2

	
87.75 ± 6.74

	
217.43 ± 7.18

	
96.84 ± 6.36




	
T5

	
35.74 ± 2.9

	
83.38 ± 6.86

	
211.53 ± 7.79

	
90.72 ± 6.01




	
T6

	
31.10 ± 3.0

	
80.80 ± 6.45

	
209.62 ± 7.22

	
88.44 ± 6.27




	
T7

	
28.66 ± 3.2

	
79.05 ± 6.24

	
201.06 ± 7.05

	
81.08 ± 6.08








T1: 0.9 g sugarcane bagasse: 0.1 g faba bean straw; T2: 0.7 g sugarcane bagasse + 0.3 g faba bean straw; T3: 0.5 g sugarcane bagasse + 0.5 g faba bean straw, T4: 0.3 g sugarcane bagasse + 0.7 g faba bean straw, T5: 0.1 g sugarcane bagasse + 0.9 g faba bean straw, T6: 0.0 g sugarcane bagasse + 1.0 g faba bean straw, T7: 1.0 g sugarcane bagasse + 0.0 g faba bean straw. * Each presented value for FPase, β-glucosidase, CMCase, and soluble P represents the mean (±standard deviation) of three replications of the experiment.
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Table 5. Effects of different inoculum ratios on cellulase production and P solubilization by A. japonicus under different ratios of sugarcane bagasse and faba bean straw residues after the fourth week.
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Treatment

	
FPase

(Unit g−1) *

	
β-Glucosidase

(Unit g−1) *

	
CMCase

(Unit g−1) *

	
Soluble P

(µg g−1) *






	
2.5% (v/w)




	
T1

	
33.14 ± 2.5

	
76.01 ± 4.10

	
196.21 ± 6.27

	
69.11 ± 4.00




	
T2

	
35.29 ± 3.4

	
81.19 ± 4.88

	
202.00 ± 6.02

	
71.87 ± 4.01




	
T3

	
35.78 ± 2.4

	
79.39 ± 4.11

	
230.94 ± 6.10

	
73.75 ± 4.00




	
T4

	
43.33 ± 2.4

	
83.02 ± 4.30

	
244.41 ± 7.75

	
81.17 ± 4.19




	
T5

	
39.22 ± 3.0

	
80.91 ± 4.70

	
222.30 ± 7.07

	
80.22 ± 4.02




	
T6

	
32.10 ± 2.1

	
71.56 ± 4.42

	
194.53 ± 7.33

	
79.16 ± 4.20




	
T7

	
29.30 ± 2.0

	
70.07 ± 4.12

	
191.80 ± 7.02

	
72.02 ± 4.69




	
5% (v/w)




	
T1

	
36.56 ± 2.18

	
72.06 ± 4.09

	
265.38 ± 7.03

	
82.44 ± 4.24




	
T2

	
37.81 ± 2.23

	
79.21 ± 4.14

	
279.08 ± 7.10

	
87.80 ± 4.78




	
T3

	
40.27 ± 2.45

	
83.19 ± 4.59

	
290.66 ± 8.35

	
91.77 ± 4.55




	
T4

	
46.01 ± 2.00

	
95.01 ± 4.47

	
301.24 ± 8.20

	
99.02 ± 4.37




	
T5

	
45.22 ± 2.11

	
92.30 ± 4.23

	
279.08 ± 8.09

	
96.67 ± 4.02




	
T6

	
42.04 ± 2.40

	
88.81 ± 4.19

	
274.35 ± 7.18

	
88.01 ± 4.17




	
T7

	
38.11 ± 2.44

	
82.01 ± 4.09

	
263.17 ± 7.16

	
81.97 ± 4.04




	
7.5% (v/w)




	
T1

	
41.36 ± 3.0

	
90.20 ± 5.08

	
291.55 ± 8.41

	
99.69 ± 4.20




	
T2

	
44.11 ± 3.1

	
92.11 ± 5.40

	
302.21 ± 8.50

	
101.74 ±4.89




	
T3

	
46.57 ± 3.0

	
97.09 ± 5.03

	
302.38 ± 8.18

	
109.38 ± 4.55




	
T4

	
51.41 ± 2.3

	
98.31 ± 5.29

	
322.60 ± 8.40

	
114.22 ± 4.46




	
T5

	
47.32 ± 2.2

	
92.12 ± 5.14

	
308.20 ± 8.28

	
101.25 ± 4.21




	
T6

	
45.30 ± 2.2

	
90.11 ± 5.33

	
291.17 ± 8.20

	
94.09 ± 4.47




	
T7

	
43.60 ± 2.1

	
89.11 ± 5.13

	
279.29 ± 8.18

	
89.15 ± 4.28




	
10% (v/w)




	
T1

	
39.46 ± 2.22

	
78.11 ± 4.72

	
281.68 ± 7.06

	
87.43 ± 4.19




	
T2

	
42.43 ± 2.43

	
81.21 ± 4.69

	
288.48 ± 7.19

	
92.62 ± 4.02




	
T3

	
43.81 ± 2.28

	
86.09 ± 4.44

	
291.26 ± 7.24

	
95.55 ± 4.19




	
T4

	
47.50 ± 2.41

	
90.31 ± 4.12

	
302.44 ± 7.30

	
99.21 ± 4.37




	
T5

	
40.45 ± 2.53

	
90.00 ± 4.39

	
291.38 ± 7.03

	
95.42 ± 4.20




	
T6

	
40.52 ± 2.05

	
82.54 ± 4.14

	
281.25 ± 7.80

	
87.21 ± 4.46




	
T7

	
36.49 ± 2.12

	
75.11 ± 4.08

	
281.37 ± 7.80

	
84.11 ± 4.12








T1: 0.9 g sugarcane bagasse: 0.1 g faba bean straw; T2: 0.7 g sugarcane bagasse + 0.3 g faba bean straw; T3: 0.5 g sugarcane bagasse + 0.5 g faba bean straw, T4: 0.3 g sugarcane bagasse + 0.7 g faba bean straw, T5: 0.1 g sugarcane bagasse + 0.9 g faba bean straw, T6: 0.0 g sugarcane bagasse + 1.0 g faba bean straw, T7: 1.0 g sugarcane bagasse + 0.0 g faba bean straw. * Each presented value for FPase, β-glucosidase, CMCase, and soluble P represents the mean (±standard deviation) of three replications of the experiment.
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