
Journal of Applied Chemistry

Volume No. 11

Issue No. 1

January - April 2025

ENRICHED		PUBLICATIONS		PVT.	LTD

JE	-	18,Gupta	Colony,	Khirki	Extn,
Malviya	Nagar,	New	Delhi	-	110017.

E-	Mail:	info@enrichedpublication.com
Phone	:-	+91-8877340707



Journal of Applied Chemistry

Aims and Scope

Journal of Applied Chemistry is a peer-reviewed, journal that publishes original research 

articles as well as review articles related to all aspects of applied chemistry. These 

includes the fields of analytical, inorganic, organic, physical and applied chemistry area. 

Review articles discussing specific areas of chemistry of current chemical importance 

are also published. 

The journal welcomes publications of high quality papers on theoretical developments 

and practical applications in applied chemistry. Original research papers, state-of-the-art 

reviews, and high quality technical notes are invited for publications.



Managing Editor
Mr. Amit Prasad

Journal of Applied Chemistry

Dr. Alok Maitani
SBS PGI, Balawala, Dehradun
alok_maithanii@rediffmail.com

Ian S. Haworth
University of Southern California
ihaworth@usc.edu

Dr. Aiman Ahmad
Faculty of Engineering and Technology
Aligarh Muslim University Aligarh-202002
aiman.ahmad1@gmail.com

Dr. Manjeet Singh Barwa
Assistant Professor at Bhaskaracharya
College of Applied Science, University
of Delhi, Dwarka.
manjeetbarwa@gmail.com

Dr. Deepak Gupta
Assistant Professor Bhaskaracharya College

of Applied Sciences, New Delhi, Dwarka
deepakg2003@gmail.com

Advisory Board Member

Pratik M Tailor
Maliba Pharmacy College,

Department of Quality Assurance, Surat
pratikmtailor@gmail.com





Journal of Applied Chemistry

(Volume No. 11,   Issue No. 1,  January - April 2025)

Contents

Sr. No. Article / Authors Name Pg. No.

1 Study on the Factors Influencing the Extraction of Chenodeoxycholic 

Acid from Duck Bile Paste by Calcium Salt Method

- Xiangzheng Hu , Na Feng, and Jiaqi Zhang 

1 - 10

2 Phosphorus Speciation by 31P NMR Spectroscopy in Leaf Litters and Crop 

Residues from Para Rubber, Cocoa, Oil Palm, and Banana Plantations in the 

Humid Forest Zone of Cameroon 

-  Lawrence Tatanah Nanganoa and Jetro Nkengafac Njukeng

11 - 24

3 A Simple Incorporation Route of Tris(8-hydroxyquinoline)aluminum(III) 

into Transparent Mesoporous Silica Films and Their Photofunctions

- Motohiro Tagaya,1 Kenji Shinozaki,2 and Yuri Maruko1

25- 34

4 New Pharmacophore from the Stem Bark Fractions of Acacia decurrens 

(Willd), an Invasive South Africa Tree 

-  Bamidele Joseph Okoli and Johannes Sekomeng Modise

35 - 47





Study on the Factors Influencing the Extraction of
Chenodeoxycholic Acid from Duck Bile Paste by Calcium

Salt Method

Xiangzheng Hu , Na Feng, and Jiaqi Zhang

College of Food Engineering & Biotechnology, Tianjin University of Science and Technology, Tianjin 300457, China

I. INTRODUCTION

Chenodeoxycholic acid (3�,7�-dihydroxy-5�-cholanic acid,CDCA) is one of the dominant bile acids 

in human andanimals bile. CDCA has signifcant anti-infammatory, antitussive, and expectorant efects 

[1]; CDCA is used for themedical treatment of metabolic diseases for it can reduce ordissolve cholesterol 

gall-stones in vivo [2]. CDCA is also theprecursor of ursodeoxycholic acid (UDCA) which is 

anotherefective drug for gallstone treatment [3, 4]. UDCA is usedto treat a variety of acute and chronic 

liver diseases [5–8].Te method of synthesizing of UDCA with CDCA is highlyefcient. Te cost of 

producing UDCA by this method is thelowest. At present, the UDCA is mainly produced by this method 

[9–11].

CDCA is the main organic ingredient in the bile of chickens, ducks, geese, and other poultry. It can be 

obtained frompoultry bile by extracting technology [12] or synthesizingfrom cholic acid, dehydrocholic 

acid, and so on. Initially, thesynthesis of CDCA from CA is the main source of CDCA.

In Europe, chemical synthesis of CDCA with CA as raw material is the main source of CDCA. In the past 

10 yearsin China, the extraction of CDCA from chicken bile was themain source of CDCA. Although the 

number of chickens andducks in China is very large, diferent techniques are requiredfor extracting 

CDCA from chicken bile and duck bile becausethere is a large diference in the composition of chicken 

andduck bile. Few literatures report on the method of extracting CDCA from duck bile.

A typical process for preparing CDCA is as follows: esterifying of saponifed bile acid, acetylating of bile 

acid ester, removal of intermediate product by using organic solvent, crystallizing of acetylated ester of 

CDCA, deprotecting, and crystallizing in organic solvent.Te entire process is complex, a large number of 

organic solvents (e.g., ethyl acetate, gasoline) are consumed, and the yield of the fnal product is low.

At present, in China, because of being used as a raw material for CDCA extraction, the price of chicken 

bile is high. 
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Te duck bile is treated as a waste by a slaughterhouse for the lack of related technology, even though the 

content of CDCA in chicken bile and duck bile is similar. In order to solve theenvironmental pollution 

problems of duck bile and make iteasy to store and transport, many slaughterhouses turn duckbile into 

gall ointment which can be used as a feed.Te content of CDCA in duck bile is over 25%. 

Moreover,extracting CDCA from duck bile can bring considerableeconomic benefts. Tis paper is aimed 

at designing an efcient way to fnd out the primary factors infuencing the yield of CDCA from duck bile 

paste. We speculate that this aim could be easily realized through the combination of an orthogonal 

experimental design method.

2. Materials and Methods

2.1. Materials. Duck bile paste was obtained from Xiayi Kangda Biochemical Raw Materials Co., Ltd. 

Anhydrous methanol (MeOH), hydrogen peroxide (H2O2), calcium chloride (CaCl2), sodium 

hydroxide (NaOH), glacial acetic acid, ethanol, chloroform (CHCl3), and ethyl acetate weresupplied by 

Tianjin Chemical Reagent Company (Tianjin,China), and all of them were of analytical grade; the 

standardsample of CDCA was from inspection bureau biological project of China.

2.2. Apparatus and Detection. FTS135-FTIR Spectrometer (Bio-Rad Instruments) was used to 

determine the infraredspectra, and the measurements were carried out by theKBr method. AVIII 600 

NMR Spectrometer (Bruker A.G)was used to determine the nuclear magnetic spectrum.Te conditions 

were 23�C and 400.4 MHz, and TMS wasused as the internal standard. For high-performance 

liquidchromatograph (Agilent), the chromatographic column wasa Waters Symmetry C18 (4.6 mm × 

150 mm, 5 �m). Temobile phase was 0.2% formic acid-methanol (20 : 80, v/v)and fow rate was 1.0 

mL/min. Te column temperaturewas maintained at 30� C. Te standard curve was used to determine the 

purity of the CDCA by HPLC [13–15].

2.3. Orthogonal Experimental Design [16]. Orthogonal experimental design is a popular method to deal 

with the test, including multiple factors and levels. It has been successfullyapplied to many felds for 

acquiring the optimum level group.Te key of this method is making an orthogonal designtable based on 

the reasonable and representative levels of theinvestigated factors. Tis method can help us to select 

therepresentative cases for lowering the number of test cases. Inthis work, the number of investigated 

factors is four and they have three levels; an or thogonal design table �9(34 )is needed, reducing the 

number of test cases from 81 to 9.

2.4. Process. Afer the solution of duck bile paste in CH3OH was heated to 65� C with stirring for 1 h, the 

solution was cooled to the room temperature. Insoluble substance was fltered out. 

Journal of Applied Chemistry (Volume- 11, Issue - 1, January - April 2025)                                                                     Page No. 2



Journal of Applied Chemistry (Volume- 11, Issue - 1, January - April 2025)                                                                       Page No. 3

Te 10% H2O2 solution was added to the fltrate with stirring. Afer 30 min, 20.0% (w/v) CaCl2 solution 

wasadded to the solution; the pH value was adjusted to 11 with5% (w/v) NaOH solution. Te mixture was 

stirred for 30 min;the precipitation was formed. Te precipitate was collectedby centrifugation and then 

was added to 60% glacial aceticacid. Te solution was heated and kept refux until all solidwas dissolved. 

A yellow transparent solution was got. Tisliquid was poured into water afer cooling, and the CDCAsolid 

was obtained by fltration. Finally, CDCA was purifedby recrystallizing in EtOH/CHCl3 mixed 

solution.Te resultsshow that the amount of H2O2, MeOH, glacial acetic acid, and CaCl2 added afects the 

extraction of CDCA in duck

Figure 1: Efect of diferent amount of methanol on the yield of CDCA.

bile paste. Te single factor experiment conditions and orthogonal experiment conditions were 

determined based on the preliminary experimental results.

 2.5. Calibration Curves. Te solutions were prepared by accurately weighing 50 mg CDCA standard and 

dissolving it in 50 mL methanol. Te working standard solution was prepared by diluting the mixed 

standard solution with MeOH to a series of proper concentrations. Te standard solutions were stored at 

4� C until use.

Te sample solutions were prepared by accurately weighing 25 mg CDCA sample and dissolving it in 50 

mL MeOH. Te resultant solution was fltered through a 0.45 �m syringe flter (Type Millipore, USA); 20 

�L of the fltrate was injected into the HPLC system. Te sample solutions were stored at 4�

C. Te working standard solutions were brought to room temperature and 50 �L was injected into HPLC 

for the construction of calibration curves. A linear regression equation was obtained by plotting the 

logarithms of peak area responses versus logarithms of concentrations, in �g/�L. 



3. Results and Discussion

3.1. Infuence of Diferent Amount of Reagent on Yield

3.1.1. Te Infuence of MeOH on Yield. Te duck bile pastes 100 g, 100 mL H2O2 solution, 300 mL 20.0% 

CaCl2 solution, and 600 mL 60% glacial acetic acid were added to the system.

Te infuence of MeOH on yield was shown in Figure 1. 

When the amounts of H2O2, CaCl2, and glacial acetic acid were fxed, the yield of CDCA increased with 

the increasing amount of MeOH in a certain range. When the amount of MeOH reached about 1000 mL, 

the yield reached the maximum value. Afer that, with the dosage of MeOH kept increasing, the yield 

remained stable. Te results indicated that smaller amount of MeOH could not dissolve the paste 

completely. When the solvent was more enough, the yield

Figure 2: Efect of diferent amount of hydrogen peroxide on the yield of CDCA.

was not increased. So taking the cost of production into consideration, 1000 mL was suitable.

3.1.2.Te Infuence of H2O2 on Yield. Te duck bile paste 100 g was dissolved in the system composed of 

1000 mL MeOH, 300 mL 20.0% CaCl2, and 600 mL 60% glacial acetic acid.Te impact of H2O2 amount 

on yield was shown in Figure 2. 

When the amount of the H2O2 was added to 25 mL, the yield of CDCA reached the maximum value. 

Afer that the yield of CDCA decreased with the increasing of H2O2 solution. Tis situation may be as a 

result of the large amount of H2O2 oxidizing CDCA so as to reduce the yield of CDCA.
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reached the maximum value when 400 mL CaCl2 solution was added.

When the amount of CaCl2 was not enough, the CDCA would not form CaCl2. On the contrary, if 

the amount was too large, it would generate Ca(OH)2, which could adsorb CaCl2 and decrease the 

yield of CDCA.

3.1.4. Te Infuence of Glacial Acetic Acid on Yield. Te duck bile paste 100 g was dissolved in 1000 

mL MeOH, and then 100 mL H2O2 and 600 mL 20.0% CaCl2 solution were added with stirring. Te 

infuence of glacial acetic acid amount on yield was shown in Figure 4.

Figure 4: Efect of diferent amount of 60% glacial acetic acid on the yield of CDCA.

When the amount of glacial acetic acid added was less than 500 mL, the yield of CDCA increased 

with the increasing amount of glacial acetic acid. When the amount of glacial acetic acid added was 

500 mL or more, the yield of CDCA decreased with the increase of glacial acetic acid amount. A 

small quantity of glacial acetic acid could neutralize calcium salt and lead to release of CDCA. 
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When the amount of glacial acetic acid reached 500 mL, the calcium salt of CDCA just hydrolyzed 

completely and the additive amount was suitable. While the amount of glacial acetic acid continuously is 

increased, CDCA would be dissolved, leading to yield decrease.

3.2. Orthogonal Test. Based on the above experimental data, taking the yield of CDCA as an index, 

orthogonal experimen tal design of four factors’ three levels was taken to optimize the extracting 

conditions of CDCA. Te factors and levels are shown in Table 1. �9(34 ) orthogonal test results of 

intuitive

analysis were carried out as in Table 2. Variance analysis of orthogonal experiment results was shown in 

Table 3. Te analysis of variance was performed by statistical sofware SPSS 12.0.

Te results showed that factors infuencing the extraction of CDCA from duck bile paste by calcium salt 

were as follows:hydrogen peroxide, methyl alcohol, glacial acetic acid, andcalcium chloride. Te 

optimum extracting conditions of thisprocess were that every 100 g duck bile paste collocated with1000 

mL MeOH, 50 mL H2O2, 500 mL 20% CaCl2 solution,and 600 mL 60% glacial acetic acid. A parallel 

experimentwas performed three times under the conditions of the bestcombination of factors; the yield 

was 30%, 29%, and 31%, andaverage value was 30%; it was signifcantly higher than singlefactor tests 

results.

3.3. Characterization

3.3.1. Structure Characterization

(1) IR Spectrogram. Te IR spectrogram of sample was shown in Figure 5.
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In FTIR spectra, the appearance of a broad stretching vibration band at 3410 cm−1 for hydrogen groups 

and CH groups, C=O stretching vibrations, bend vibration for hydrogen groups, C-H bend vibrations, C-

O in carboxyl groups at 2940, 1720, 1450, 1378, and 1250 cm−1 (close to the literature value [17]) 

determined that the obtained substance was CDCA.

(2) 1 ����. Te 1 HNMR spectrogram of sample was shown in Figure 6. 1 HNMR spectra were 

recorded in CDCl3 on a AVIII600 NMR Spectrometer (Bruker A.G), using TMS as internal

standard. Figure 6 showed the characteristic peak value (�H 0.68 (s, 3H, 18-CH3), 0.92 (s, 3H, 19-

CH3), 0.95 (d, 3H, 21- Ch3), 3.49 (br, 1H, 3-H), and 3.87 (br, 1H, 7-H)) (close to the literature value 

[18]). By the 1 HNMR spectrogram and the related literature [19], the obtained substance is determined

to be CDCA.

3.3.2. Te Detection Results of HPLC. Te product was determined by HPLC. As shown in Figure 7, the 

retention time of CDCA was 17.3 min. Small impurity peaks can be seen at 10 min, and some of the 

corresponding materials were likely contained in the raw material. Te regression equation of CDCA was 

� = 0.7229� + 16.908 (� = 0.9997); CDCA in  the 0.3 �g−0.7 �g/�L range showed a good linear 

relationship. According to the regression equation, the purity of CDCA was 97.2%.
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4. Conclusions

Te detection data proved that the optimum extracting conditions were that every 100g duck bile paste 

collocated with 1000 mL MeOH, 50 mL H2O2, 500 mL of 20% CaCl2 solution, and 600 mL of 60% 

glacial acetic acid. Under the optimal extraction conditions, the yield of CDCA can reach 30%.

Over the years, CDCA is mainly obtained from chicken bile. In this paper, CDCA was extracted from the 

duck bile paste and the optimal extraction conditions were determined by orthogonal test. Te process is 

simple and suitable for industrial production, what is more, it can enhance the added value of livestock 

and poultry products.
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Phosphorus Speciation by 31P NMR Spectroscopy in Leaf 
Litters and Crop Residues from Para Rubber, Cocoa, Oil 

Palm, and Banana Plantations in the Humid Forest Zone of 
Cameroon 

Lawrence Tatanah Nanganoa and Jetro Nkengafac Njukeng
Institute of Agricultural Research for Development (IRAD), Ekona Regional Centre, PMB 25, Buea, 

Southwest Region, Cameroon

INTRODUCTION

Phosphorus defciency in many tropical soils is a major constraint of crop production. Tis defciency is 

primarily asa result of inherent low soil P, depletion of soil P by cropping,and sorption and precipitation 

involving Fe and Al oxidesand hydroxides [1]. Phosphorus is a major plant nutrientwhich is involved in 

many metabolic processes [2]. It is of enreferred to as “energizer” since it helps to store and 

transferenergy during the process of photosynthesis. According toFrossard et al. [3] only a small 

proportion of P in soil isfound in the soil solution (e.g., 0.01–3.0 mg P L−1) or in formsavailable to crop 

plants at any given time. Tus to improvecrop production, most farmers have depended on the useof P 

fertilisers. Te release of nutrients, including P fromlitters and crop residues, is an important potential 

source ofnutrients for subsequent crops [4, 5]. Total P in plant materialranges between 0.5 and 10 g kg−1. 

Inorganic orthophosphate,which is the preferred source of P to plants, is also themajor form of P found in 

green crops (60–80% of total P)during vegetative growth [3, 6, 7]. At physiological maturity,nutrients in 

crop residues can be released to the soil wherethey are incorporated into diferent labile and nonlabile 

pools[8]. For example, Seephueak et al. [9] 

A B S T R A C T

Te release of nutrients, including phosphorus from agricultural residues, is an important potential 

source of nutrients for subsequent crops. To fully understand the contribution of this residue P as a 

source of plant P for agricultural production, itschemical nature needs to be understood. In this study 

P species were identifed and quantifed in leaf litters and crops residuesfrom cocoa farms, oil palm, 

rubber, and banana plantations by 31P nuclear magnetic resonance (NMR) spectroscopy. 

Phosphorusin the crop residues was predominantly in the form of inorganic P mainly as 

orthophosphate and ranged from 45.9 to 89.2%. Tehighest relative percentage of P as 

orthophosphate was found in cocoa pod husk (89.2%) and the lowest percentage was found 

indecaying banana pseudostem (45.9%). Pyrophosphate was detected in trace amounts in all 

samples (less than 6%) except in freshpalm fronds. However, orthophosphate diester was detected 

only in fresh palm fronds (11.4%) and phytate was detected only inpalm male inforescence (6.7%). Te 

result implied that cocoa pod husk, palm empty fruit bunch, and palm male inforescencecould be used 

as organic amendment, based on their high P content and release potential
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showed that in the para rubber plantation ecosystem, leaf litter is a major contributor to nutrient cycling 

pathways. Studies by Khalid et al. [10]  showed that oil palm residues during replanting contributed 

signifcant amount of nutrients that could be recycled in the plantation. According to Hartemink [11] rain 

wash and litter fall are key components in the cycling of nutrients of cocoa ecosystems. Wortman et al. 

[12] also demonstrated that the management of harvested (senescent) banana pseudostem was found to 

be very important in the nutrient use efciency of banana plantations with most of their nutrients translo

cated to the attached growing pseudostems.

Te major gap in soil fertility recommendations for the tropics is phosphorus management as crop 

production on many of the soils in the tropics is limited primarily by phosphorus.Te understanding of soil 

phosphorus dynamics and indicators of phosphorus availability lags far behind that

for nitrogen. Part of the problem in modelling phosphorus is in its complex biogeochemical cycle [13]. 

Optimizing P use efciency is very important for agronomic, economic,and environmental benefts 

especially when adjusting agricultural production systems to meet future global foodproduction targets 

[14]. Such optimization will rely onadequate knowledge of the dynamics of soil and residueP pools to 

enable accurate predictions of the requiredexternal P inputs to achieve optimum growth of subsequent 

crops.

 

Te most commonly used measure of P in crop residues is total P, followed by the distinction between 

inorganic Pand organic P. Te carbon : phosphorus (C : P) ratio of cropresidues has ofen been widely used 

to predict potentialP immobilization or mineralization [15]. However, thesemeasures do not identify or 

take into account the various Pspecies found within crop residues. Te employment of 13PNMR 

spectroscopy has greatly improved the understandingof soil P species, particularly the organic P forms 

quantifedin relative terms [16]. P speciation is also important forthe estimation of P release from crop 

litters and residuesin cropping soils, as some species of P in residues maybe more recalcitrant than 

others. Few studies have usedsolution NMR to identify P species in fresh and matureplant materials and 

mature crop residues [8]. However, thistechnique has not been used to identify P forms in littersand 

residues of para rubber, cocoa, oil palm, and bananaplantations. Phosphorus in soil is generally divided 

intoorganic P and inorganic P [17, 18]. 
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Inorganic P is classifed into orthophosphate, pyrophosphate, and polyphosphate.Typical organic P 

compounds are divided into phosphatemonoesters, phosphate diesters, phosphonates, and 

organicpolyphosphates. However, knowledge of how these P formschange as plants senesce is limited, 

since most research inthis area focused on fresh or immature plant materials ratherthan the senesced 

materials that are returned to soil in mostfarming systems [19]. To fully understand the contributionof 

crop residue P as a source of plant P for agriculturalproduction, its chemical nature needs to be 

understood. Tisis a prerequisite to further understand the dynamics of cropresidue P in the soil 

ecosystem, and its bioavailability to plantsand microorganisms. Proper identifcation of P species incrop 

litters and residues can improve the understanding ofthe potential turnover of these P species in soil, 

leading to abetter assessment of the amount of P that may be provided for subsequent crops.

Te objective of this study therefore is to identify and quantify the various phosphorus species in leaf 

litters andcrop residues from cocoa farms, oil palm, rubber, and bananaplantations.

 

2. Materials and Methods

2.1. Site Description. Samples were collected from some banana, cocoa, rubber, and oil palm felds in 

Fako Division of the South West region of Cameroon. Te banana, rubber, and oil palm felds belong to the 

Cameroon Development Cooperation (CDC) and the cocoa farm to a small holder farmer. Te exact 

locations of the felds are presented in Table 1.

Te study area (Fako division) has humid tropical climatic conditions and rich volcanic soils with two 

distinctive seasons, a long rainy season which ranges from midMarch to mid-November and a short four-

month dry season expanding from mid-November to mid-March [21, 22]. In cocoa farms the main 

source of organic waste is the cocoa pod husk which is lef in the felds afer bean harvest. Tere are ofen in 

large quantities because for a cocoa pod, just 30% of its weight is made up of the cocoa bean and the rest 

is the husk. Another source of organic waste in cocoa farms is the leaf litter (senescent leaves). 
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In mature oil palm plantations in Cameroon the fronds (branches) are ofen cut and lef torot in the 

felds which is the main source of organic waste.Te empty fruit bunches and the male inforescence is 

alsoresidues of the oil palm plantation. In rubber plantationsthere is the annual leaf fall referred to as 

defoliation wherethe rubber tree shades all its leaves and this forms the mainsource of organic waste 

(leaf litter) in rubber plantations. Inbanana plantations, the main organic waste is the stems that 

remain afer bunch harvest.

2.2. Sample Collection. For each agroecosystem, the main organic wastes were identifed and 

samples of about 10 kgcollected. Te samples were sun dried to reduce the moisturecontent and 

reduce the risk of molds growing on the samples.Te dried samples were ground into powder and 

packagedin polyethylene bags for analyses. Table 2 shows the sample codes and their description. 

Tese agricultural crop residues

were distinguished into feld residues (JN-02, JN-03, JN04, JN-05, JN-07, and JN-08), which are 

materials lef in an agricultural feld afer the crop has been harvested, and process residues (JN-01 and 

JN-06), which are materials lef afer the crop is processed into a usable resource.

 

All the crop residue samples were analyzed for pH, organic matter, ash content, moisture content, 

and P species. 

2.3. Physicochemical Analysis of Crop Residues and Leaf Litters. 

Te pH was measured in H2O (ratio soil : water 1 : 2.5 w/v). 

Percentage of ash content and organic matter (OM) was determined by loss of ignition using 0.5 g of 

sample heated up to 550� C in a mufe furnace (Carbolite, UK) for 4 hours.

Total P was determined in samples using a nitric acid (HNO3) digestion method. 0.5 g of plant 

material was digested with 5 mL of HNO3 (Sigma Aldrich reagent grade, 69%) for up to 4

hours. Phosphorus concentration in all digests was measured by Colorimetry [20].
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2.4. Solution 31P: NMR Spectroscopy Analysis

2.4.1. NaOH-EDTA Extraction. Te sample preparation for solution 31P NMR spectroscopy was 

performed using a modifed procedure as described in Ebuele et al. [23]. 1 g of crushed freeze-dried crop 

residue sample was mixed with 25 mL of a solution of 0.25 M NaOH and 0.05 M EDTA and shaken at 

250 rpm at 20� C for 6 hours. Te extracts were then centrifuged for 20 minutes at 5000 rpm and fltered

using Whatman number 42 flter paper. An aliquot of 0.5 mL was then diluted for colorimetric analysis 

and the remaining solution was freeze-dried.

Approximately, 100 mg of each freeze-dried extract was redissolved in 0.6 mL of D2O, 0.5 mL 10 M 

NaOH, and 0.4 mL extracting solution (0.25 M NaOH + 0.05 M EDTA).

Samples were centrifuged for 60 minutes at 2500� (to remove particles that might contribute to line 

broadening) and then transferred to a 5 mm NMR tube and analyzed via 31P NMR spectroscopy.

2.4.2. Identifcation and Quantifcation of Phosphorus Species Using 31P NMR. Spectra were acquired 

on a Bruker Avance DRX 400 MHz NMR spectrometer (7.5 T, 161.9 Mhz), equipped with a 5 mm 

broadband probe at 20� C. Instrument parameters were a 90� pulse, 0.68 s acquisition time, and 

recovery delay of 4.32 s to 15 s. Inverse gated proton decoupling was used and set to at least fve times the

�1 (lattice relaxation time). In the experiment, between 3000 scans to 5000 scans (4–7 hours of running 

time)were required to achieve a good signal to noise ratio. Tespectral width used was 8090.6 Hz and the 

number ofdata points was 11002. Te chemical shif (ppm) of thesignals was indirectly referenced to an 

external 85% H3PO4standard via the lock signal. Peaks were defned by threeparameters: chemical shif, 

line width, and peak height.Peak assignment was based on literature data [8, 24–27].Integration of peak 

areas was calculated on spectra processedwith a line broadening of 1–10 Hz using a Bruker Topspin2.0 

sofware and MestReNova v.7.0. Quantifcation of Pspecies was done by spectra deconvolution analysis 

basedon the chemical shif, peak width, and peak area, whichproved to be successful in particular for 

areas such as themonoester region containing a number of peaks, sometimesoverlapping; the relative P 

concentration in the NaOH-EDTAextracts was estimated, based on the total NMR signal area,and 

presented as percentages of each specie or group ofspecies. 

3. Results and Discussions

3.1. Physicochemical Properties of Crop Residues and Leaf Litters. A summary of some 

physicochemical propertiesof the samples is presented in Table 3. Te characteristicsof the plant residues 

vary which is due to diferences inplant species, plant tissues, and soil chemical and physicalproperties 

[28]. 
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Te crop residues and leaf litters exhibited a wide range of pH (5.82–10.29). Tis can be categorized into 4 

groups: weakly acid (JN-02, JN-05), neutral (JN-06, JN-08, JN-07), weakly basic (JN-01, JN-03), and 

basic (JN04). Te palm male inforescence (JN-07) had the highest moisture content (14.0%) as compared 

to the other plant residues. Te plant residues had relatively high ash content ranging from 5.5% (JN-08) 

to 31.2% (JN-04). Tese high ash content values can be attributed to the incorporation of inorganic 

materials in the residues [29]. On the other hand the samples were quite high in organic matter 

(85–94.5%) except for the decaying banana pseudostem which was low and this could account for its 

highest value of ash (31%).Tese high levels of organic matter is in agreement with the study of Naklang 

et al., [30] who concluded that crop residues, 

Table 4: Te relative percentage of total extractable inorganic and organic P species in the NaOH-EDTA 

extracts based on total NMR peak area. Total P and total NaOH -EDTA-P concentration in mg kg−1 and 

% recovery. 
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Figure 1: Solution 31P NMR spectra of crop residue extracts (JN-07) showing orthophosphate, 

pyrophosphate, orthophosphate monoesters, and diesters. Te inset shows the orthophosphate monoester 

region including peaks for phytate (A). leaf litters, and green manures are needed to rehabilitate soil

carbon.

3.2. Phosphorus Species in NaOH-EDTA Extracts. Figure 1 shows the 31P NMR spectra of the various P 

species found in the NaOH- EDTA crop residue extracts using JN-07 as an example. All samples showed 

a peak between 5.88 and 6.05 ppm, characteristic resonances for orthophosphate (Figures 1, 2, and 3). Te 

other inorganic P species detected was pyrophosphate between −3.5 and −3.8 ppm, identifed in all 

samples except JN-05 (Figure 2).Te organic orthophosphate monoesters showed resonances from 3.8 to 

5.2 ppm (Figure 1, inset) and the only diester P compound was detected in sample JN-05 (Figure 2) at 

−1.15 ppm at a very low resonance intensity and was attributed to nonhydrolyzed DNA [31, 32].

 

Phytate (Myo-Inositol hexakisphosphate) was identifed at 5.2, 4.4, 4.0, and 3.8 ppm (Figure 1, inset peak 

A) with the signals occurring in a ratio of 1 : 2 : 2 : 1, corresponding to the phosphate ion group on the 

inositol ring confrming the phytate peak [31]. Other resonances in the monoester region, occurring 

between 3.8 and 5.2 ppm, were attributed JN-05  Orthophosphate diester Orthophosphate monoester

Orthophosphate f1 (ppm) 20 15 10 5 0 −5 −10 −15 −20 

Figure 2: A solution 31P NMR spectrum of crop residue extracts (JN-05) showing orthophosphate 

diesters.to lower inositol phosphates, sugar phosphates, mononu cleotides, and phospholipid 

degradation products �- and �- glycerophosphate. Sample JN-07 is male palm inforescence and its 

highest phytate is similar to observations by Mitchell and Allsopp [33] who found phytate to be the main 

P species in seeds of Hakea sericea. Te highest value of phytate P also agrees with the work of Reddy et 

al., [34] who confrmed that the majority of P stored in plant seed is in the form of phytate.

3.3. Phosphorus Species Quantifcation. Te concentration of total P (Nitric acid digestion) and 

extractable NaOHEDTA in the crop residue extracts is shown in Table 4.

Extraction efciency (or recovery%) ranged from 72 to 105%, with sample JN-08 giving the lowest 

extraction efciency compared to other samples. In general, the results showed a high extraction efciency 

which means that there is little P in the leaf litters and crop residues that were not included in the NMR 

analysis. Te relative percentages of P species found in the NaOH-EDTA extracts are also listed in Table 4.

31P NMR spectra showed the presence of orthophosphate, pyrophosphate, phosphate monoesters, and 

diesters, while phosphonates and polyphosphates were not detected in any of the NaOH-EDTA crop 

residue extracts (Figures 1, 2, and 3). Phosphorus in the crop residues was predominantly in 
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Figure 3: Solution 31P NMR spectra of NaOH-EDTA leaf litters and crop residue extracts for JN-01, JN-

02, JN-03, JN-04, and JN-06, JN08.

the form of inorganic P mainly as orthophosphate and ranges from 45.9 to 89.2% with respect to total 

NaOH- EDTA extractable P (Table 4). Tis agrees with the results of Noack et al., [8] who reported that a 

very high proportion of P in crop residues exists as orthophosphate. Tis orthophosphate in the residues 

has the potential to be returned to the soil in a readily available form for plants (via root uptake) and 

microorganisms, as well as sorption onto soil minerals. Te highest relative percentage of P as 

orthophosphate was found 
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in sample JN-01 (89.2% of total NaOH-EDTA extractable P) and the lowest percentage was found in 

sample JN-04 (45.9%of total NaOH-EDTA extractable P). Sample JN-01 is cocoapod husk and the 

results of this study are in agreement withthose of Adejobi et al., [35] who found high concentrationsof P 

in cocoa pod husk. Te other major inorganic Pspecies, pyrophosphate, was detected, in all samples 

exceptJN-05. Pyrophosphate was detected in trace amounts in allother samples (less than 6%) but was 

unusually high insample JN-04 (14.2% of total NaOH-EDTA extractable P).Pyrophosphate is the 

simplest inorganic polyphosphate andis essential for cellular functioning of living organisms [8]and it 

absence in fresh palm fronds (JN-05) suggests thatits availability may be governed by chlorophyll 

content. Tesecond most abundant P species were the organic P formsmainly as orthophosphate 

monoesters. Organic P speciationvaried across crop residue types. Te highest percentageof 

orthophosphate monoesters was found in sample JN-08(41.3% related to total NaOH-EDTA extractable 

P), whilethe lowest was in sample JN-01 (4.9% of total NaOH EDTA extractable P). Phytate (myo-

inositol phosphate) wasdetected in only sample JN-07 (6.7% of total NaOH-EDTAextractable P) (Table 

4, Figure 1). Te results of Table 4 alsoshowed that total P was very high for JN-07 as compared to the 

other crop residue samples.

Other organic P species detected in the samples would likely include degradation products such as �- 

and �-glycerophosphate (most likely originated from phospholipidusually found in plants) and 

mononucleotides (likely fromnucleic material found in plant cells), group under othermonoesters 

(Figure 4 and Table 4). Te only orthophosphatediester detected was in sample JN-05 (11.4% of total 

NaOHEDTA extractable P).Overall, the P species detected in all the crop residueswere similar for all the 

diferent samples and in line withpreviously reported P forms in other plant based crop
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residues [8, 25, 27, 32]. Te poor resolution shown by feld residues samples (JN-02, JN-03, JN-04, JN-05, 

and JN-08)with the exception of JN-07 was evident in their relativelylower peak intensities, compared to 

process residues samples(JN-01 and JN-06) (Figure 5 for clarity). Te higher intensities shown by 

samples JN-01, JN-06, and JN-7 alsosuggest that they would likely contain higher concentrationsof P 

compared to the other samples; this was also supported by the elemental P data in Table 4.

Te other inorganic P form detected pyrophosphates are the smallest group of inorganic condensed 

polyphosphates,found in nature. Tey have also been found in plant tissuessuch as stems [8]. Teir main 

functions in plants includeacting as a storage form of P when inorganic P is in excess,and as a sink or 

strong chelator of metals ions such as Ca2+,Mn2+, and Mg2+ [36]. Phytate detected only in sample JN-

07has been reported to be very stable under alkaline solutionsand is also one of the primary storage forms 

of P in plants(most especially in seeds). Te absence of stable diesterssuch as DNA in most of the 31P 

NMR spectra was likelyas a result of their low concentration and signals to noiseratio, making them 

relatively unquantifable. However, thelow concentration or complete absence of these diesters 

Pcompounds in the analyzed crop residue extracts can also belikely governed by their relative instability 

in NaOH-EDTAalkaline solution. Tis suggest that the higher percentages ofmonoesters relative to 

diesters detected in the crop residueextracts either are present in the samples or are degradationproducts 

of alkaline hydrolysis [37, 38]. Tis usually occursduring the extraction and redissolving processes 

required for31P NMR, thereby leading to an underestimation of diesters and overestimation of 

monoesters.
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4. Conclusion

Eight crop residue samples were analyzed for P species using 31P NMR spectroscopy to quantify the 

various P forms inthe materials. Te crop residues were distinguished as feldresidues (JN-02, JN-03, JN-

04, JN-05, JN-07, JN-08) andprocess residues (JN-01 and JN-06). Based on P speciationdata obtained, 

the recommended crop residues that shouldbe used as phosphorus sources were samples JN-01, JN-

06,and JN-07 (i.e., cocoa pod husk, palm empty fruit bunch,and palm male inforescence). Te results 

demonstrated thatphosphorus in the crop residues was predominantly in theform of inorganic P mainly 

as orthophosphate which is aform readily available for plants uptake and microorganisms,as well as 

sorption onto soil minerals. Te orthophosphatemonoesters were the second major P group detected inall 

samples, with phytate detected only in sample JN-07.Orthophosphate diesters were detected in only one 

sample(JN-05), while pyrophosphate was detected in all samples except JN-05.Te result also suggested 

that sample JN-07 was likely from a seed based plant. Tis study shows that feldresidues especially male 

inforescence should be allowed torot in the feld.Te process residues should be thrown back tothe feld to 

rot or composted as these materials are important sources of P.
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INTRODUCTION

Studies on the incorporation of functional organic molecules into porous inorganic solids have been 

extensively conductedto construct the functional inorganic-organic supramolec ular nanosystems [1]. 

The molecular aggregation/dispersionstates of functional guest species on the well-

definedmesostructures affect the physicochemical properties of thehost-guest hybrids. The controlled 

adsorption properties onthe various inorganic supports [2–7] are known to give themerits of the 

immobilization of functional units. Accordingly,the host-guest and guest-guest interactions are 

importantfactors to offer the multiple possibilities, so that the systematicstudies on the design and 

characterization of the hybrids byvarious compositions and different nanostructures are worth 

conducting.

After the discovery of mesoporous silica (MPS) prepared by the cooperative organization of surfactant 

and inorganicspecies, the synthesis, characterization, and applications ofthe mesostructured materials 

have extensively been inves tigated. The MPS prepared by supramolecular templatingmethods [8, 9] 

possesses attractive features such as well defined and controllable pore sizes, large surface areas, 

andreactive surfaces for the guest organization. The effect of theguest confinement into the nanospaces 

on the photophysicalproperties has been investigated [10]. In addition to thehost-guest interactions, the 

guest-guest interactions can becontrolled. Accordingly, the host-guest complexes based onMPS have 

been synthesized, and the possible applicationsfor optical materials have been reported [11–13]. 

Although awide variety of host-guest complexes have been synthesized,the possible effect of pore size 

on the photo functions ha shardly been reported. Furthermore, the processing of the photofunctional 

mesostructures with controlled morphologyis a basic prerequisite for the applications. Accordingly, 

thecontrolled macroscopic morphologies, such as films [14–18],
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Figure 1: (a, b) AFM topographic images (observation area: 500 nm2 ), (c, d) nitrogen adsorption (open 

symbols) and desorption (closedsymbols) isotherms, and (e, f) BJH pore size distributions of (a, c, e) 

C18MPS-3.0 and (b, d, f) P123MPS-5.4 films
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INTRODUCTION

Invasive species are flora introduced into a foreign environment from their native host region and with 

significant consequences on the available resources in the host region [1].The chances of an invasive 

species establishing dominance ina new environment are minuscule, but research has proventhat once 

they do, the economic damage can be enormous[2]. Literature has shown that invasive species are 

responsiblefor threat on indigenous species, although some other biotic and abiotic factors might 

contribute [3].

Acacia (wattle) is native shrubs and trees to Australia, from the subfamily of Mimosoideae of the family 

Fabaceae,due to its prolific nature being found in all terrestrial habitats[4]. They are classified as a 

Category 2 invasive plant bythe Act on Alien and Invasive Species Regulations of SouthAfrica [5]; such 

exempted flora does require a permit to beintroduced to the environment [6].

Indigenous wildlife may not have the potentials of combating or competing against invasive species that 

has no predators on the food chain within the new environment[7]; however, this phytotolerance can be 

exploited for itspharmacological activity against infections of the region. Theplant parts have various 

applications in its native countryAustralia: the flowers are edible and the seed pods are usedfor the 

production of green dye, being grown for firewood oras a fast-growing windbreak or shelter tree.The 

gum from thetrunk is used as a low-quality gum arabic [8].

According to the report of Tewari and Jindal [9], O-Me derivatives of the dietary supplements, 2,3,4,6-

tetra-O-methyl-D-galactose, 2,3-di-O-Methyl-L-arabinose, 2,3,4-tri-Omethyl-D-galactose, and 2,4-di-

O-methyl-D-galactose, wereisolated from A. decurrens gum. Also, two novel diterpenoids,11,14,15-

trihydroxy-12-methoxy-20-oxo-8,11,13-abietatrien-7-one and 10,11,14-trihydroxy-18-

acetoxymethylene-12-me thoxy-8,11,13-abietatrien-7-one, with selective inhibitory activity against 
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 MCF-7 and HT-29 cell lines, were isolated from the root extract of A. decurrens [10]. In addition tothe 

novel bioactive compounds isolated, the recent upsurgein pharmacological potentials for 

phytoantioxidants,phytoantimicrobial pharmacophore, and tolerance of A.decurrens for native invader 

has been a source of motivationfor the study of invasive vegetation as a source of thelead compound [8]. 

The selection of A. decurrens is notsolely dependent on ethnopharmacological knowledge ortraditional 

uses but by direct testing and bioassay-guidedisolation of compounds [11]. The generic protocol for 

thedrug discovery from natural products is employed in thestudy using bioassay-guided in vitro testing 

of the plantextracts and eventual isolation and identification of the bioactive compounds (see graphical 

abstract).
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3   All our articles are refereed through a double-blind process.
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as well. The titles precede the abstract and the summary in an appropriate language. 

Letterhead Title 

The letterhead title is given at a top of each page for easier identification of article copies in an Electronic form in particular. It 

contains the author's surname and first name initial .article title, journal title and collation (year, volume, and issue, first and 

last page). The journal and article titles can be given in a shortened form.

Author's Name 

Full name(s) of author(s) should be used. It is advisable to give the middle initial. Names are given in their original form. 

Contact Details 

The postal address or the e-mail address of the author (usually of the first one if there are more Authors) is given in the footnote 

at the bottom of the first page. 
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Classification of articles is a duty of the editorial staff and is of special importance. Referees and the members of the editorial 

staff, or section editors, can propose a category, but the editor-in-chief has the sole responsibility for their classification. 

Journal articles are classified as follows: 

Scientific articles: 

1. Original scientific paper (giving the previously unpublished results of the author's own research based on management 

methods). 

2.  Survey paper (giving an original, detailed and critical view of a research problem or an area to which the author has made a 

contribution visible through his self-citation); 

3.  Short or preliminary communication (original management paper of full format but of a smaller extent or of a preliminary 

character); 

4.  Scientific critique or forum (discussion on a particular scientific topic, based exclusively on management argumentation) 

and commentaries. Exceptionally, in particular areas, a scientific paper in the Journal can be in a form of a monograph or a 

critical edition of scientific data (historical, archival, lexicographic, bibliographic, data survey, etc.) which were unknown 

or hardly accessible for scientific research. 
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Professional articles: 

1.  Professional paper (contribution offering experience useful for improvement of professional practice but not necessarily 
based on scientific methods); 

2.   Informative contribution (editorial, commentary, etc.);

3.   Review (of a book, software, case study, scientific event, etc.)

Language 

The article should be in English. The grammar and style of the article should be of good quality. The systematized text should be 
without abbreviations (except standard ones). All measurements must be in SI units. The sequence of formulae is denoted in 
Arabic numerals in parentheses on the right-hand side. 

Abstract and Summary
 
An abstract is a concise informative presentation of the article content for fast and accurate Evaluation of its relevance. It is both 
in the Editorial Office's and the author's best interest for an abstract to contain terms often used for indexing and article search. 
The abstract describes the purpose of the study and the methods, outlines the findings and state the conclusions. A 100- to 250- 
Word abstract should be placed between the title and the keywords with the body text to follow. Besides an abstract are advised to 
have a summary in English, at the end of the article, after the Reference list. The summary should be structured and long up to 
1/10 of the article length (it is more extensive than the abstract). 

Keywords 

Keywords are terms or phrases showing adequately the article content for indexing and search purposes. They should be 
allocated heaving in mind widely accepted international sources (index, dictionary or thesaurus), such as the Web of Science 
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