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ABSTRACT 
The heterocyclic coumarin derivatives are well known for their biological potential.Thepresented work demonstrates the 

evaluation of some N-substituted acetamoyl derivatives of4-hydroxy-2-oxo-2H-chromene (4)against certain strains of gram 

bacteria. First,N-substituted-2-bromoacetamide, 3a-r, were synthesized by the reaction of aralkyl/aryl amines, 1a-r, with 2-

bromoacetyl bromide (2) in an aqueous medium under definite pH control.In the second step, the resulted electrophiles, 3a-r, were 

made to react 4in a polar aprotic solvent using a weak base as an activator to synthesize the final N-substituted-2-[(2-oxo-2H-

chromen-4-yl)oxy]acetamide, 5a-r. The synthesis of compounds,5a-r, was corroborated by TLC initially and spectral data of 

IR,
1
H-NMR and EIMS finally. The MIC results of antibacterial activity rendered these molecules valuable inhibitors of all the 

bacterial strains taken into account. 
 

Keywords: 4-Hydroxy-2-oxo-2H-chromene, acetamides, antibacterial activity, spectral analysis. 

 

1. INTRODUCTION 
Coumarins, a group of naturally occurring heterocylic compounds, have been isolated from different plants including 

Tonka bean etc.These molecules possess the fused benzene and α-pyrone rings
1-4

.The compounds derived from 

coumarins are known to exhibit noticeable biological activities such as antibacterial, anti-malarial, anticoagulant,anti-

tubercular, anticancer,antioxidant, antiviral, anti-HIV, anti-inflammatory etc
5-11

. These molecules have also been 

employed bythe ancient Egypt as medicine
12

. A large number of such type of moleculesalso have their application in 

the field ofagriculture
12,13

.The acetamoyl functionality is also noted to be present in bioactive important compounds 

used as drugs. Molecules bearing this moiety are known to possess anticonvulsant, anti-inflammatory, antioxidant, 

anticancer, anti-arthritic, antifungal and anti-bacterial activities
14-20

.  

A series of molecules bearing both coumarin and acetamoyl moieties were synthesized with an aim to evaluate 

the pharmacological significance of these molecules. Owing to biological activities of ether derivatives of coumarin
7,9,21

, 

we extended our last work onO-substituted derivatives
22

.The pharmacological evaluation of these compounds was 

performed against the different bacterial strains of gram-bacteria and their MIC results depicted them as valuable for 

drug designing. 
 

 

2. RESULTS AND DISCUSSION 
The N-substituted-2-[(2-oxo-2H-chromen-4-yl)oxy]acetamide, (5a-r) were synthesized to inaugurate new biological 

active compounds according to the protocol given in Scheme 1. The detailed procedures along with necessary 

conditions are elaborated in experimental section.  
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Scheme 1: Synthesis of N-Substituted-2-[(2-oxo-2H-chromen-4-yl)oxy]acetamide (5a-r) 

2.1 Chemistry 
Structures of all the synthesized molecules (5a-r)were elucidated by IR,

 1
H-NMR and EIMS spectral data given in 

experimental section. One of the listed compounds has been explicated by spectral data.  
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Fig.1: Mass Fragmentation pattern of N-(2-Ethylphenyl)-2-[(2-oxo-2H-chromen-4-yl)oxy]acetamide (5e)
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The compound 5e was filtered as light grey amorphous solid and noted to have 82% yield and 108-110
o
Cmelting point. 

Its molecular formula, C19H17NO4, was erected through molecular ion peak along with other fragments in EIMS 

spectrum and by counting the protons with the help of integration curve in 
1
H-NMR spectrum. The suggested 

fragmentation pattern of this molecule is given in Figure 1. The absorption bands supporting the coumarin, amide and 

ether functionalities appeared at 3439 (N-H), 3073 (Ar C-H), 1736 (ester C=O), 1679 (amide C=O), 1601 (Ar C=C) 

and 1154 (C-O) in IR spectrum. In proton NMR spectrum, five signals with single proton integration,as one singlet, 

two doublets and two triplets,resonated at δ7.83 (d, J = 8.0 Hz, 1H, H-5), 7.62 (t, J = 8.0 Hz, 1H, H-7), 7.38 (d, J = 8.0 

Hz, 1H, H-8), 7.34 (t, J = 8.0 Hz, 1H, H-6) and 5.80 (s, 1H, H-3) for the five protons of 2-oxo-2H-chromen-4-yl 

moiety. The N-substituted 2-ethylphenyl ring appeared at δ 7.94 (d, J = 8.0 Hz, 1H, H-6''), 7.29-7.22 (m, 2H, H-4'' & 

H-5'') and 7.18 (d, J = 7.6 Hz, 1H, H-3'') in aromatic section for phenyl ring and δ 2.63 (q, J = 7.6 Hz, 2H, H-7'') and 

1.22 (t, J = 7.6 Hz, 3H, CH3-8'') in aliphatic section for ethyl group. The linkage of these two moieties, that is, 2-oxo-

2H-chromen-4-yl and N-(2-ethylphenyl)-2-ylacetamidewas corroborated through the singlet present at δ 4.81 (s, 2H, 

H-2') with an integration of two protons of methylene group. The above discussion thoroughly supported the 

suggested structure of 5e, named as N-(2-Ethylphenyl)-2-[(2-oxo-2H-chromen-4-yl)oxy]acetamide. 
 

2.2 Antibacterial (in vitro) activity 
The antibacterial activity of the synthesized molecules is elaborated in Table 1 and Table 2 as %age inhibition and 

MIC values, taking ciprofloxacin as reference drug.All the synthesized molecules exhibited valuable MIC values 

except 5d and 5g, remained inactive against certain strains.S. typhi and B. subtilis were inhibited by all the molecules, 

but more efficiently against former, and a few molecules remained inactive against the remaining strains. Against S. 

typhi, the whole series of compounds was excellent inhibitor except 5d which remained moderate inhibitor.E. coli was 

also excellently inhibited by all the molecules but relativelya little low by 5o and not at all by 5d. Moderate inhibition 

was presented against P. aeruginosa by all the molecules except 5d and 5g, the inactive ones. This strain was best 

inhibited by only two molecules, 5p with MIC of 9.86±0.12 µg/mLand 5q with MIC of 9.52±0.51 µg/mL with respect 

to that of ciprofloxacin, 7.14±0.18µg/mL, the reference standard. Against S. aureus, comparatively less number of 

molecules remained excellent inhibitors. The molecules 5l-o and 5r remained moderate inhibitors but 5d and 5gwere 

inactive at all. Among all the synthesized molecules, the compounds 5p and 5q were the best inhibitors against all the 

bacterial strains taken into account. The most probably their best activity might be attributed to the diortho-substituted 

phenyl ring attached to the nitrogen of acetamoyl group in addition to all other functionalities present in the molecule. 
 

 

3. CONCLUSION 
The given scheme of reactions was carried out to synthesize some new molecules bearing multiple functionalities 

including coumarin and acetamide with an aim to elucidate their antibacterial potential. The synthesis was also 

followed by structural characterization of synthesized molecules. The resulting molecules executed excellent 

Table 1:The %age inhibition for antibacterial activity 

Compound 

Percentage Inhibition (%) 

Gram negative bacteria Gram positive bacteria 

S. typhi E.coli P.aeruginosa B. subtilis S.  aureus 

5a 75.56±0.61 83.55±0.32 66.20±0.60 79.20±0.30 68.35±0.35 

5b 75.11±0.52 75.50±0.47 60.90±0.67 70.85±0.76 67.80±0.41 

5c 75.56±0.19 74.50±0.40 58.65±0.05 68.00±0.12 65.35±0.95 

5d 51.00±0.78 46.26±0.05 36.95±0.95 59.70±0.52 45.25±0.90 

5e 80.67±0.22 81.20±0.70 62.65±0.48 73.40±0.10 66.35±0.62 

5f 74.55±0.36 74.30±0.60 58.78±0.70 62.25±0.55 65.15±0.57 

5g 70.50±0.28 72.60±0.74 44.90±0.80 57.00±0.50 47.80±0.31 

5h 75.28±0.39 69.30±0.20 55.70±0.63 67.70±0.30 65.65±0.55 

5i 76.83±0.94 78.75±0.25 60.65±1.05 73.10±0.65 65.35±0.65 

5j 71.89±0.22 73.10±0.40 61.80±0.30 65.05±0.75 68.20±0.80 

5k 78.72±0.17 84.50±0.20 64.40±0.80 76.90±0.80 67.85±0.45 

5l 72.61±0.34 66.95±0.75 57.40±0.70 71.65±1.02 51.60±0.90 

5m 74.17±0.61 75.50±0.50 55.60±0.40 66.05±0.15 56.95±0.25 

5n 64.50±0.50 83.50±0.20 58.00±0.27 67.50±0.21 61.15±0.63 

5o 71.39±1.00 61.25±0.35 61.05±0.05 65.90±0.30 60.85±0.15 

5p 82.28±0.50 79.10±1.00 69.35±0.35 73.00±0.90 65.00±0.20 

5q 82.84±0.33 75.95±0.75 70.05±0.42 70.55±0.25 70.65±0.25 

5r 70.50±0.35 73.25±0.55 57.50±0.61 64.20±0.01 62.50±0.71 

Ciprofloxacin 91.05±0.68 92.32±0.42 92.50±0.34 92.02±053 91.44±0.64 
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inhibition against all the five bacterial strains taken into account. The molecules, 5p and 5q were the most active ones 

among the whole series of molecules owing to the presence of diortho-substituted phenyl ring, that is, 2-ethyl-6-

methylphenyl and 2-methyl-6-nitrophenyl rings respectively. Such type of molecules should be further synthesized 

and considered for drug discovery pathway so that these might be applicable as drug molecules to cure certain 

diseases caused by these bacterial strains. 
 

Table 2:The MIC values for antibacterial activity 

Compound 

MIC (µg/mL) 

Gram negative bacteria Gram positive bacteria 

S. typhi E.coli P.aeruginosa B. subtilis S. aureus 

5a 9.10±0.76 8.97±0.60 10.48±0.33 8.76±0.50 9.83±0.90 

5b 9.23±0.67 9.20±0.56 13.86±0.16 9.43±0.35 9.89±0.56 

5c 9.29±0.70 9.38±0.17 16.96±0.47 10.11±0.73 10.13±0.64 

5d 19.56±0.33 - - 14.31±0.49 - 

5e 8.78±0.49 8.78±0.50 12.74±0.11 9.46±0.49 10.42±0.50 

5f 9.45±0.10 9.27±0.15 16.24±0.90 10.44±0.21 10.57±0.38 

5g 9.80±0.11 9.34±0.07 - 16.37±0.15 - 

5h 9.60±0.01 10.05±0.11 17.52±0.95 10.71±0.19 10.63±0.10 

5i 9.27±0.51 9.11±0.57 15.39±0.67 9.24±0.33 10.36±0.12 

5j 9.92±0.41 9.63±0.31 14.75±0.72 10.58±0.11 9.75±0.19 

5k 9.11±0.34 8.34±0.10 10.89±0.16 8.87±0.13 10.14±0.90 

5l 9.78±0.50 10.22±0.64 15.36±0.66 9.78±0.67 19.80±0.13 

5m 9.57±0.84 9.12±0.72 17.85±0.23 10.65±0.54 16.78±0.44 

5n 10.98±0.16 8.86±0.50 16.55±0.49 10.23±0.76 13.69±0.58 

5o 9.89±0.80 12.96±0.30 14.74±0.12 10.42±0.18 14.80±0.33 

5p 8.66±0.57 8.76±0.58 9.86±0.12 9.25±0.78 10.26±0.44 

5q 8.13±0.45 8.90±0.12 9.52±0.51 9.65±0.04 9.78±0.47 

5r 10.02±0.51 9.49±0.12 16.89±0.38 10.86±0.27 12.36±0.12 

Ciprofloxacin 7.45±0.58 7.16±0.58 7.14±0.18 7.29±0.90 7.80±0.19 

NOTE: Minimum inhibitory concentration (MIC) was measured with suitable dilutions (5-30 µg/well) and results were calculated 

using EZ-Fit Perrella Scientific Inc. Amherst USA software. 
 

4. MATERIALS AND METHODS 

4.1 General 
4-Hydroxy-2-oxo-2H-chromene (Merck),2-bromoacetyl bromide (Alfa Aesar) and aralkyl/arylamines (Merck, Riedel-

de Haen, Aldrich and Alfa Aesar)were used without further purificationand the solvents were of analytical grade. Thin 

layer chromatography (TLC) was run usingn-C6H14and EtOAc as solvent system. The TLC plates were purchased 

through local supplierand were visualized via UV at 254 nm. The absorption bands in I.R. spectra were captured using 

Jasco-320-A spectrophotometer by pellet method (KBr). The proton NMR spectra were recorded using Bruker 

spectrometers in CDCl3 at 400 MHz.The EIMS spectra were recorded using JMS-HX-110 spectrometer. Melting 

points were accountedin open capillary tube using Griffin-George apparatus.  
 

4.2 General procedure for the synthesis of N-substituted-2-bromoacetamide (3a-r) 
Aralkyl/aryl amines (1a-r,5.0 mmol) weresuspended in 15 mL distilled water in a 125 mL iodine flask and aqueous 

Na2CO3 (12%) solution (5 mL) was added.After stirring for 5-10 minutes, 2-bromoacetyl bromide (2,5.0 mmol) was 

added by parts to the reaction flask on continuous vigorous shaking for about 1.0 hour. The pH was maintained at 8-

10strictly for the reaction to progress. The solid precipitates were filtered off from the medium and washed by distilled 

water.  
 

4.3General procedure for the synthesis of N-substituted-2-[(2-oxo-2H-chromen-4-yl)oxy]acetamide (5a-r) 
4-Hydroxy-2-oxo-2H-chromene (4,0.3mmol) was homogeneously mixed with DMF (13 mL) in a 50 mL round bottom 

flask. The activator, NaH (0.3mmol) was added and the mixture was continuously stirred for 0.75 hour. After thenN-

substituted-2-bromoacetamide (3a-r,0.3 mmol) were added and further stirring was continued for 4-6 hours. The 

frequently performed TLC monitored the reaction till completion. Ten times distilled water (130 mL) was added to the 

mixture in a separate 250 mL beaker on gentle shaking.After aging for 0.25 hour, solid products were recovered 

through filtration, washed by distilled water, dried and stored for further use. 
 

4.4 Antibacterialactivity assay 
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The sterilized 96-wells microplates were used to assess the antibacterial potential and also under sterilespecified 

condition. The basic consideration in this method was the change in absorbance which in turn relates to the microbial 

growth in log phase and microbial cell number
23,24

.  
 

4.5 Statistical analysis  
The results were concludedafterthree-fold calculations, analyzed by ME 2010 andpresented as mean ± SEM. 
 

4.6 Characterization of the synthesized compounds (5a-r) 

4.6.1 N-(2-Phenylethyl)-2-[(2-oxo-2H-chromen-4-yl)oxy]acetamide (5a) 
Light yellow amorphous solid; Yield: 82%; M.P.: 128-130 

o
C; HR-MS: [M]

+
323.1154 (Calcd. for C19H17NO4; 

323.1243);IR (KBr, υmax, cm
-1

): 3448 (N-H), 3077 (Ar C-H), 1736 (ester C=O), 1665 (amide C=O), 1601 (Ar C=C), 

1173 (C-O); 
1
H-NMR (400 MHz, CHCl3-d1, δ, ppm): 8.83 (s, 1H, CON-H), 7.93 (d, J = 8.4 Hz, 1H, H-5), 7.63 (t, J = 

8.4 Hz, 1H, H-7), 7.39 (d, J = 8.0 Hz, 1H, H-8), 7.34 (t, J = 8.0 Hz, 1H, H-6), 7.17-7.11 (m, 5H, H-2'' to H-6''), 5.78 (s, 

1H, H-3), 4.79 (s, 2H, H-2'), 3.42 (t,J = 7.2 Hz,2H, H-8''), 2.69 (t,J = 7.2 Hz,2H, H-7''); EIMS (m/z): 323 [M]
•+

 (51%), 

176 (38%), 162 (40%), 148 (56%), 146 (BP, 100%), 145 (9%), 134 (52%), 132 (59%), 120 (76%), 118 (83%), 117 

(38%), 101 (41%). 
 

4.6.2 N-Phenyl-2-[(2-oxo-2H-chromen-4-yl)oxy]acetamide (5b) 
White amorphous solid; Yield: 74%; M.P.: 116-118 

o
C; HR-MS: [M]

+
295.0844 (Calcd. For C17H13NO4; 295.0913); IR 

(KBr, υmax, cm
-1

): 3447 (N-H), 3052 (Ar C-H), 1734 (ester C=O), 1678 (amide C=O), 1604 (Ar C=C), 1139 (C-O); 
1
H-

NMR (400 MHz, CHCl3-d1, δ, ppm): 8.89 (s, 1H, CON-H), 7.93 (d, J = 8.4 Hz, 1H, H-5), 7.64 (t, J = 8.0 Hz, 1H, H-7), 

7.56 (d, J = 8.4 Hz, 2H, H-2'' &H-6''), 7.39 (d, J = 8.0 Hz, 1H, H-8), 7.35 (t, J = 8.4 Hz, 2H, H-3'' &H-5''), 7.32 (t, J = 

8.4 Hz, 1H, H-6), 7.18 (t, J = 8.0 Hz, 1H, H-4''),5.77 (s, 1H, H-3), 4.76 (s, 2H, H-2'); EIMS (m/z): 295 [M]
•+

 (55%), 

176 (37%), 162 (41%), 148 (39%), 146 (BP, 100%), 145 (5%), 134 (59%), 132 (57%), 120 (24%), 118 (80%), 117 

(36%), 101 (44%), 92 (73%). 
 

4.6.3 N-(2-Methylphenyl)-2-[(2-oxo-2H-chromen-4-yl)oxy]acetamide (5c) 
Light grey amorphous solid; Yield: 77%; M.P.: 132-134 

o
C; HR-MS: [M]

+
309.1004 (Calcd. for C18H15NO4; 309.1043); 

IR (KBr, υmax, cm
-1

): 3429 (N-H), 3053 (Ar C-H), 1738 (ester C=O), 1673 (amide C=O), 1603 (Ar C=C), 1153 (C-O); 
1
H-NMR (400 MHz, CHCl3-d1, δ, ppm): 8.75 (s, 1H, CON-H), 7.93 (d, J = 8.0 Hz, 1H, H-5), 7.72 (d, J = 8.4 Hz, 1H, 

H-6''), 7.64 (t, J = 8.0 Hz, 1H, H-7), 7.39 (d, J = 8.0 Hz, 1H, H-8), 7.36 (t, J = 8.0 Hz, 1H, H-6), 7.16 (d, J = 8.4 Hz, 

1H, H-3''), 7.11 (t, J = 8.0 Hz, 1H, H-5''), 7.08 (t, J = 8.0 Hz, 1H, H-4''), 5.73 (s, 1H, H-3), 4.76 (s, 2H, H-2'), 2.26 (s, 

3H, CH3-7''); EIMS (m/z): 309 [M]
•+

 (58%), 176 (36%), 162 (48%), 148 (32%), 146 (BP, 100%), 145 (6%), 134 (78%), 

132 (58%), 118 (89%), 117 (36%), 106 (74%), 101 (45%). 
 

4.6.4 N-(4-Methylphenyl)-2-[(2-oxo-2H-chromen-4-yl)oxy]acetamide (5d) 
White amorphous solid; Yield: 79%; M.P.: 138-140 

o
C; HR-MS: [M]

+
 309.1004 (Calcd. for C18H15NO4; 309.1043); IR 

(KBr, υmax, cm
-1

): 3434 (N-H), 3057 (Ar C-H), 1739 (ester C=O), 1675 (amide C=O), 1607 (Ar C=C), 1155 (C-O); 
1
H-

NMR (400 MHz, CHCl3-d1, δ, ppm): 8.67 (s, 1H, CON-H), 7.91 (d, J = 8.4 Hz, 1H, H-5), 7.63 (t, J = 8.0 Hz, 1H, H-7), 

7.39 (d, J = 8.0 Hz, 1H, H-8), 7.36 (t, J = 8.0 Hz, 1H, H-6), 7.34 (d, J = 8.4 Hz, 2H, H-2'' & H-6''), 7.15 (d, J = 8.0 Hz, 

2H, H-3'' & H-5''), 5.78 (s, 1H, H-3), 4.77 (s, 2H, H-2'), 2.27 (s, 3H, CH3-7''); EIMS (m/z): 309 [M]
•+

 (56%), 176 

(37%), 162 (49%), 148 (36%), 146 (BP, 100%), 145 (8%), 134 (75%), 132 (59%), 118 (85%), 117 (31%), 106 (77%), 

101 (44%). 
 

4.6.5 N-(2-Ethylphenyl)-2-[(2-oxo-2H-chromen-4-yl)oxy]acetamide (5e) 
Light grey amorphous solid; Yield: 82%; M.P.: 108-110 

o
C; HR-MS: [M]

+
 323.1154 (Calcd. for C19H17NO4; 

323.1243); IR (KBr, υmax, cm
-1

): 3439 (N-H), 3073 (Ar C-H), 1736 (ester C=O), 1679 (amide C=O), 1601 (Ar C=C), 

1154 (C-O); 
1
H-NMR (400 MHz, CHCl3-d1, δ, ppm):8.91 (s, 1H, CON-H), 7.94 (d, J = 8.0 Hz, 1H, H-6''), 7.83 (d, J = 

8.0 Hz, 1H, H-5), 7.62 (t, J = 8.0 Hz, 1H, H-7), 7.38 (d, J = 8.0 Hz, 1H, H-8), 7.34 (t, J = 8.0 Hz, 1H, H-6), 7.29-7.22 

(m, 2H, H-4'' & H-5''), 7.18 (d, J = 7.6 Hz, 1H, H-3''), 5.80 (s, 1H, H-3), 4.81 (s, 2H, H-2'), 2.63 (q, J = 7.6 Hz, 2H, H-

7''), 1.22 (t, J = 7.6 Hz, 3H, CH3-8''); EIMS (m/z): 323 [M]
•+

 (54%), 176 (37%), 162 (39%), 148 (60%), 146 (BP, 

100%), 145 (5%), 134 (60%), 132 (57%), 120 (77%), 118 (84%), 117 (36%), 101 (41%). 
 

4.6.6 N-(4-Ethylphenyl)-2-[(2-oxo-2H-chromen-4-yl)oxy]acetamide (5f) 
Light grey amorphous solid; Yield: 79%; M.P.: 192-194 

o
C; HR-MS: [M]

+
 323.1154 (Calcd. for C19H17NO4; 

323.1243); IR (KBr, υmax, cm
-1

): 3432 (N-H), 3075 (Ar C-H), 1736 (ester C=O), 1674 (amide C=O), 1606 (Ar C=C), 

1156 (C-O); 
1
H-NMR (400 MHz, CHCl3-d1, δ, ppm): 8.52 (s, 1H, CON-H), 7.92 (d, J = 8.0 Hz, 1H, H-5), 7.61 (t, J = 

8.0 Hz, 1H, H-7), 7.39 (d, J = 8.0 Hz, 1H, H-8), 7.34 (t, J = 8.4 Hz, 1H, H-6), 7.09 (d, J = 8.0 Hz, 2H, H-2'' & H-6''),
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6.94 (d, J = 8.4 Hz, 2H, H-3'' & H-5''), 5.77 (s, 1H, H-3), 4.79 (s, 2H, H-2'), 2.57 (q, J = 7.6 Hz, 2H, H-7''), 1.11 (t, J 

= 7.6 Hz, 3H, CH3-8''); EIMS (m/z): 323 [M]
•+

 (58%), 176 (39%), 162 (34%), 148 (66%), 146 (BP, 100%), 145 (8%), 

134 (64%), 132 (56%), 120 (76%), 118 (83%), 117 (32%), 101 (46%). 
 

4.6.7 N-(2-Methoxyphenyl)-2-[(2-oxo-2H-chromen-4-yl)oxy]acetamide (5g) 
Cream white amorphous solid; Yield: 85%; M.P.: 214-216 

o
C; HR-MS: [M]

+
325.0954 (Calcd. for C18H15NO5; 

325.0983);IR (KBr, υmax, cm
-1

): 3438 (N-H), 3074 (Ar C-H), 1735 (ester C=O), 1665 (amide C=O), 1606 (Ar C=C), 

1159 (C-O); 
1
H-NMR (400 MHz, CHCl3-d1, δ, ppm): 8.59 (s, 1H, CON-H), 8.13 (d, J = 8.0 Hz, 1H, H-6''), 7.92 (d, J 

= 8.4 Hz, 1H, H-5), 7.64 (t, J = 8.4 Hz, 1H, H-7), 7.38 (d, J = 8.4 Hz, 1H, H-8), 7.36 (t, J = 8.4 Hz, 1H, H-6), 7.08 (t, J 

= 8.0 Hz, 1H, H-5''), 6.93 (t, J = 8.4 Hz, 1H, H-4''), 6.84 (d, J = 8.4 Hz, 1H, H-3''), 5.76 (s, 1H, H-3), 4.77 (s, 2H, H-2'), 

3.86 (s, 3H, CH3-7''); EIMS (m/z): 325 [M]
•+

 (52%), 176 (37%), 162 (45%), 150 (26%), 148 (34%), 146 (BP, 100%), 

145 (6%), 134 (54%), 132 (55%), 122 (69%), 118 (84%), 117 (35%), 101 (46%). 
 

4.6.8 N-(2-Ethoxyphenyl)-2-[(2-oxo-2H-chromen-4-yl)oxy]acetamide (5h) 
Light grey amorphous solid; Yield: 73%; M.P.: 198-200 

o
C; HR-MS: [M]

+
339.1104 (Calcd. for C19H17NO5; 

339.1137);IR (KBr, υmax, cm
-1

): 3456 (N-H), 3053 (Ar C-H), 1736 (ester C=O), 1665 (amide C=O), 1606 (Ar C=C), 

1156 (C-O); 
1
H-NMR (400 MHz, CHCl3-d1, δ, ppm): 8.56 (s, 1H, CON-H),7.92 (d, J = 8.4 Hz, 1H, H-5), 7.63 (t, J = 

8.0 Hz, 1H, H-7), 7.43 (dd, J = 8.0, 2.0 Hz, 1H, H-6''), 7.39 (d, J = 8.0 Hz, 1H, H-8), 7.34 (t, J = 8.4 Hz, 1H, H-6), 

7.11 (dt, J = 8.0, 2.0 Hz, 1H, H-4''), 6.83 (dt, J = 8.0, 2.4 Hz, 1H, H-5''), 6.74 (dd, J = 8.0, 2.4 Hz, 1H, H-3''), 5.76 (s, 

1H, H-3), 4.79 (s, 2H, H-2'), 3.79 (q, J = 7.6 Hz, 2H, H-7''), 1.19 (t, J = 7.6 Hz, 3H, CH3-8''); EIMS (m/z): 339 [M]
•+

 

(53%), 176 (34%), 164 (26%), 162 (44%), 148 (37%), 146 (BP, 100%), 145 (8%), 136 (73%), 134 (52%), 132 (55%), 

118 (81%), 117 (37%), 101 (43%). 
 

4.6.9 N-(4-Ethoxyphenyl)-2-[(2-oxo-2H-chromen-4-yl)oxy]acetamide (5i) 
Pink amorphous solid; Yield: 80%; M.P.: 194-196 

o
C; HR-MS: [M]

+
 339.1104 (Calcd. for C19H17NO5; 339.1137); IR 

(KBr, υmax, cm
-1

): 3439 (N-H), 3071 (Ar C-H), 1732 (ester C=O), 1678 (amide C=O), 1604 (Ar C=C), 1152 (C-O); 
1
H-

NMR (400 MHz, CHCl3-d1, δ, ppm):8.61 (s, 1H, CON-H), 7.93 (d, J = 8.0 Hz, 1H, H-5), 7.63 (t, J = 8.0 Hz, 1H, H-7), 

7.37 (d, J = 8.4 Hz, 1H, H-8), 7.34 (t, J = 8.4 Hz, 1H, H-6), 6.93 (d, J = 8.0 Hz, 2H, H-2'' & H-6''), 6.76 (d, J = 8.4 Hz, 

2H, H-3'' & H-5''), 5.78 (s, 1H, H-3), 4.74 (s, 2H, H-2'), 3.92 (q, J = 7.6 Hz, 2H, H-7''), 1.27 (t, J = 7.6 Hz, 3H, CH3-

8''); EIMS (m/z): 339 [M]
•+

 (51%), 176 (36%), 164 (28%), 162 (48%), 148 (34%), 146 (BP, 100%), 145 (7%), 136 

(76%), 134 (58%), 132 (59%), 118 (88%), 117 (36%), 101 (47%). 
 

4.6.10 N-(2-Methoxycarbonylphenyl)-2-[(2-oxo-2H-chromen-4-yl)oxy]acetamide(5j) 
White amorphous solid; Yield: 77%; M.P.: 186-188 

o
C; HR-MS: [M]

+
 353.0894 (Calcd. for C19H15NO6; 353.0903); IR 

(KBr, υmax, cm
-1

): 3429 (N-H), 3051 (Ar C-H), 1737 (ester C=O), 1675 (amide C=O), 1601 (Ar C=C), 1152 (C-O); 
1
H-

NMR (400 MHz, CHCl3-d1, δ, ppm): 8.91 (s, 1H, CON-H), 8.64 (d, J = 8.0 Hz, 1H, H-6''), 8.06 (d, J = 8.0 Hz, 1H, H-

3''), 7.91 (d, J = 8.4 Hz, 1H, H-5), 7.63 (t, J = 8.4 Hz, 1H, H-7), 7.53 (t, J = 8.0 Hz, 1H, H-5''), 7.43 (d, J = 8.0 Hz, 1H, 

H-8), 7.35 (t, J = 8.0 Hz, 1H, H-6), 7.15 (t, J = 8.0 Hz, 1H, H-4''), 5.74 (s, 1H, H-3), 4.75 (s, 2H, H-2'), 3.87 (s, 3H, 

CH3-8''); EIMS (m/z): 353 [M]
•+

 (54%), 178 (22%), 176 (35%), 162 (40%), 150 (71%), 148 (32%), 146 (BP, 100%), 

145 (8%), 134 (50%), 132 (56%), 118 (82%), 117 (31%), 101 (47%).    
 

4.6.11 N-(2,3-Dimethylphenyl)-2-[(2-oxo-2H-chromen-4-yl)oxy]acetamide (5k) 
White amorphous solid; Yield: 74%; M.P.: 126-128 

o
C; HR-MS: [M]

+
 323.1154 (Calcd. for C19H17NO4; 323.1243); IR 

(KBr, υmax, cm
-1

): 3448 (N-H), 3059 (Ar C-H), 1735 (ester C=O), 1664 (amide C=O), 1598 (Ar C=C), 1149 (C-O); 
1
H-

NMR (400 MHz, CHCl3-d1, δ, ppm): 8.69 (s, 1H, CON-H), 7.92 (d, J = 8.4 Hz, 1H, H-5), 7.63 (t, J = 8.0 Hz, 1H, H-7), 

7.53 (d, J = 8.4 Hz,1H, H-6''), 7.37 (d, J = 8.0 Hz, 1H, H-8), 7.33 (t, J = 8.4 Hz, 1H, H-6), 7.17 (t, J = 8.4 Hz, 1H, H-

5''), 7.07 (d, J = 8.4 Hz, 1H, H-4''), 5.74 (s, 1H, H-3), 4.77 (s, 2H, H-2'), 2.34 (s, 3H, CH3-7''), 2.12 (s, 3H, CH3-8''); 

EIMS (m/z): 323 [M]
•+

 (51%), 176 (35%), 162 (47%), 148 (64%), 146 (BP, 100%), 145 (8%), 134 (53%), 132 (51%), 

120 (75%), 118 (82%), 117 (36%), 101 (49%). 
 

4.6.12 N-(2,4-Dimethylphenyl)-2-[(2-oxo-2H-chromen-4-yl)oxy]acetamide (5l) 
Cream white amorphous solid; Yield: 81%; M.P.: 132-134 

o
C; HR-MS: [M]

+
 323.1154 (Calcd. for C19H17NO4; 

323.1243); IR (KBr, υmax, cm
-1

): 3437 (N-H), 3078 (Ar C-H), 1732 (ester C=O), 1677 (amide C=O), 1606 (Ar C=C), 

1168 (C-O); 
1
H-NMR (400 MHz, CHCl3-d1, δ, ppm): 8.73 (s, 1H, CON-H), 7.92 (d, J = 8.0 Hz, 1H, H-5), 7.74 (d, J = 

8.0 Hz, 1H, H-6''), 7.61 (t, J = 8.0 Hz, 1H, H-7), 7.39 (d, J = 8.0 Hz, 1H, H-8), 7.36 (t, J = 8.0 Hz, 1H, H-6), 7.09 (d, J 

= 8.0 Hz, 1H, H-5''), 6.94 (s, 1H, H-3''), 5.79 (s, 1H, H-3), 4.78 (s, 2H, H-2'), 2.27 (s, 3H, CH3-7''), 2.22 (s, 3H, CH3-

8''); EIMS (m/z): 323 [M]
•+

 (54%), 176 (36%), 162 (41%), 148 (63%), 146 (BP, 100%), 145 (6%), 134 (57%), 132 

(59%), 120 (71%), 118 (84%), 117 (38%), 101 (41%). 
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4.6.13 N-(2,5-Dimethylphenyl)-2-[(2-oxo-2H-chromen-4-yl)oxy]acetamide (5m) 
White amorphous solid; Yield: 74%; M.P.: 128-130 

o
C; HR-MS: [M]

+
 323.1154 (Calcd. for C19H17NO4; 323.1243); IR 

(KBr, υmax, cm
-1

): 3439 (N-H), 3061 (Ar C-H), 1737 (ester C=O), 1676 (amide C=O), 1604 (Ar C=C), 1162 (C-O); 
1
H-

NMR (400 MHz, CHCl3-d1, δ, ppm): 8.79 (s, 1H, CON-H), 7.93 (d, J = 8.4 Hz, 1H, H-5), 7.64 (t, J = 8.0 Hz, 1H, H-7), 

7.40 (d, J = 8.0 Hz, 1H, H-8), 7.36 (t, J = 8.4 Hz, 1H, H-6), 7.19 (s, 1H, H-6''), 7.06 (d, J = 8.0 Hz, 1H, H-3''), 6.92 (d, 

J = 8.0 Hz, 1H, H-4''), 5.77 (s, 1H, H-3), 4.74 (s, 2H, H-2'), 2.34 (s, 3H, CH3-7''), 2.14 (s, 3H, CH3-8''); EIMS (m/z): 

323 [M]
•+

 (53%), 176 (36%), 162 (42%), 148 (61%), 146 (BP, 100%), 145 (5%), 134 (54%), 132 (53%), 120 (71%), 

118 (87%), 117 (33%), 101 (42%). 
 

4.6.14 N-(2,6-Dimethylphenyl)-2-[(2-oxo-2H-chromen-4-yl)oxy]acetamide (5n) 
White amorphous solid; Yield: 71%; M.P.: 122-124 

o
C; HR-MS: [M]

+
 323.1154 (Calcd. for C19H17NO4; 323.1243); IR 

(KBr, υmax, cm
-1

): 3453 (N-H), 3059 (Ar C-H), 1736 (ester C=O), 1678 (amide C=O), 1601 (Ar C=C), 1162 (C-O); 
1
H-

NMR (400 MHz, CHCl3-d1, δ, ppm): 8.78 (s, 1H, CON-H), 7.93 (d, J = 8.4 Hz, 1H, H-5), 7.64 (t, J = 8.4 Hz, 1H, H-7), 

7.39 (d, J = 8.0 Hz, 1H, H-8), 7.34 (t, J = 8.0 Hz, 1H, H-6), 7.15-7.08 (m, 3H, H-3'' to H-5''), 5.73 (s, 1H, H-3), 4.78 (s, 

2H, H-2'), 2.23 (s, 6H, CH3-7'' & CH3-8''); EIMS (m/z): 323 [M]
•+

 (57%), 176 (38%), 162 (43%), 148 (66%), 146 (BP, 

100%), 145 (9%), 134 (54%), 132 (53%), 120 (76%), 118 (85%), 117 (39%), 101 (43%). 
 

4.6.15 N-(3,5-Dimethylphenyl)-2-[(2-oxo-2H-chromen-4-yl)oxy]acetamide (5o) 
White amorphous solid; Yield: 83%; M.P.: 130-132 

o
C; HR-MS: [M]

+
 323.1154 (Calcd. for C19H17NO4; 323.1243); IR 

(KBr, υmax, cm
-1

): 3438 (N-H), 3051 (Ar C-H), 1733 (ester C=O), 1679 (amide C=O), 1602 (Ar C=C), 1162 (C-O); 
1
H-

NMR (400 MHz, CHCl3-d1, δ, ppm): 8.23 (s, 1H, CON-H), 7.92 (d, J = 8.0 Hz, 1H, H-5), 7.63 (t, J = 8.0 Hz, 1H, H-7), 

7.37 (d, J = 8.0 Hz, 1H, H-8), 7.34 (t, J = 7.6 Hz, 1H, H-6), 7.19 (s, 2H, H-2'' & H-6''), 6.93 (s, 1H, H-4''), 5.76 (s, 1H, 

H-3), 4.77 (s, 2H, H-2'), 2.26 (s, 6H, CH3-7'' & CH3-8''); EIMS (m/z): 323 [M]
•+

 (50%), 176 (32%), 162 (49%), 148 

(68%), 146 (BP, 100%), 145 (9%), 134 (54%), 132 (56%), 120 (79%), 118 (83%), 117 (37%), 101 (45%). 
 

4.6.16 N-(2-Ethyl-6-methylphenyl)-2-[(2-oxo-2H-chromen-4-yl)oxy]acetamide (5p) 
White amorphous solid; Yield: 78%; M.P.: 158-160 

o
C; HR-MS: [M]

+
337.1316 (Calcd. for C20H19NO4; 337.1368); IR 

(KBr, υmax, cm
-1

): 3446 (N-H), 3057 (Ar C-H), 1738 (ester C=O), 1675 (amide C=O), 1604 (Ar C=C), 1165 (C-O); 
1
H-

NMR (400 MHz, CHCl3-d1, δ, ppm): 8.62 (s, 1H, CON-H), 7.93 (d, J = 8.0 Hz, 1H, H-5), 7.64 (t, J = 8.0 Hz, 1H, H-7), 

7.37 (d, J = 8.4 Hz, 1H, H-8), 7.34 (t, J = 8.0 Hz, 1H, H-6), 7.18-7.09 (m, 3H, H-3'' to H-5''), 5.77 (s, 1H, H-3), 4.73 (s, 

2H, H-2'), 2.44 (q, J =7.6 Hz, 2H, H-7''), 1.98 (s, 3H, CH3-9''), 1.03 (t, J =7.6 Hz, 3H, CH3-8''); EIMS (m/z): 337 [M]
•+

 

(56%), 176 (36%), 162 (69%), 148 (32%), 146 (BP, 100%), 145 (6%), 134 (96%), 132 (55%), 118 (83%), 117 (36%), 

101 (44%). 
 

4.6.17 N-(2-Methyl-6-nitrophenyl)-2-[(2-oxo-2H-chromen-4-yl)oxy]acetamide (5q) 
Light yellow amorphous solid; Yield: 81%; M.P.: 200-202 

o
C; HR-MS: [M]

+
354.0859 (Calcd. for C18H14N2O6; 

354.0878); IR (KBr, υmax, cm
-1

): 3449 (N-H), 3055 (Ar C-H), 1735 (ester C=O), 1671 (amide C=O), 1607 (Ar C=C), 

1167 (C-O); 
1
H-NMR (400 MHz, CHCl3-d1, δ, ppm): 8.72 (s, 1H, CON-H),7.97 (d, J = 8.0 Hz, 1H, H-5''), 7.92 (d, J = 

8.0 Hz, 1H, H-5), 7.63 (t, J = 8.0 Hz, 1H, H-7), 7.38 (d, J = 8.0 Hz, 1H, H-8), 7.35 (t, J = 8.0 Hz, 1H, H-6), 7.32 (d, J 

= 8.4 Hz, 1H, H-3''), 6.56 (t, J = 8.4 Hz, 1H, H-4''), 5.73 (s, 1H, H-3), 4.79 (s, 2H, H-2'), 2.25 (s, 3H, CH3-7''); EIMS 

(m/z): 354 [M]
•+

 (56%), 179 (23%), 176 (35%), 162 (47%), 151 (73%), 148 (37%), 146 (BP, 100%), 145 (5%), 134 

(58%), 132 (54%), 118 (87%), 117 (38%), 101 (43%).   
 

4.6.18 N-(5-Chloro-2-methoxyphenyl)-2-[(2-oxo-2H-chromen-4-yl)oxy]acetamide (5r) 
Grey amorphous solid; Yield: 87%; M.P.: 232-234 

o
C; HR-MS: [M]

+
359.0367 (Calcd. for C18H14ClNO5; 359.0392);IR 

(KBr, υmax, cm
-1

): 3468 (N-H), 3073 (Ar C-H), 1731 (ester C=O), 1679 (amide C=O), 1593 (Ar C=C), 1168 (C-O), 

703 ; 
1
H-NMR (400 MHz, CHCl3-d1, δ, ppm):8.90 (s, 1H, CON-H), 8.37 (d, J = 2.4 Hz, 1H, H-6''), 7.91 (d, J = 8.0 Hz, 

1H, H-5), 7.62 (t, J = 8.0 Hz, 1H, H-7), 7.38 (d, J = 8.4 Hz, 1H, H-8), 7.35 (t, J = 7.6 Hz, 1H, H-6), 7.03 (dd, J = 8.8, 

2.4 Hz, 1H, H-4''), 6.79 (d, J = 8.8 Hz, 1H, H-3''), 5.75 (s, 1H, H-3), 4.75 (s, 2H, H-2'), 3.90 (s, 3H, CH3-7''); EIMS 

(m/z): 359 [M]
•+

 (57%), 184 (27%), 176 (33%), 162 (43%), 156 (71%), 148 (36%), 146 (BP, 100%), 145 (7%), 134 

(56%), 132 (53%), 118 (86%), 117 (32%), 101 (48%). 
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ABSTRACT 
The cracked bark of Anacardium occidentale were dried under ambient conditions, chopped into bits and the ethanolic extract of 

the cracked bark was obtained by cold extraction. Phytochemical screening was conducted to identify the types of secondary 

metabolites present using standard procedures. The profiles of the chemical constituents present were established using Thin 

Layer and Column Chromatography methods. Thus, pure chemical constituents were isolated from the cracked bark of 

Anacardium occidentale. The isolated compounds were characterized using FT-IR and their structures determined using data 

obtained from GC-MS spectrum. 
 

Keywords: Anacardium occidentale, ethanolic, cracked bark, phytochemical, isolated, characterized.  

 
1. INTRODUCTION 
Cashew (Anacardium occidentale) is a tree that grows up to 15m in height with thick tortuous trunk and woody 

branches. It belongs to the family anacardiaceae, native to Brazil and i t  is  dist r ibuted throughout  tropical  

countr ies  such as  Niger ia ,  Kenya,  Tanzania,  Mozambique
1,2

. Anacardium occidentale is commonly 

called cashew in English and in the major Nigerian languages: Hausa, Ibo and Yoruba, it is called ‘Kashu’, 

‘Okpokpo’and ‘Kaju’ respectively. The cashew tree produces many products. The bark, leaves and shell oil of 

A.occidentale have important medicinal values and industrial applications in the plastic and resin industries based on 

its phenol content. The nut has international appeal and high market value as a food source, especially in the 

beverage industry
3
. 

A. Occidentale is a multipurpose tree whose leaves, stems and bark extracts have been used extensively for 

the treatment of diarrhea, dysentery and colonic pain. There are reports that it possesses anti-diabetic, anti-

inflammatory, antimicrobial and analgesic properties
4,5

. The antimicrobial activity of ethanolic extract of A. 

Occidentale leaves was attributed to2-hydroxy-6-pentadecylbenzoic acid[1] and other compounds such as tatrols and 

tannins which are some of the chemical constituents identified in the ethanolic extract
6
. 

 
 

Phytochemical analysis of A. occidentale reveals a rich variety of secondary metabolites. The ethanolic extract of A. 

occidentale L. nuts contains various phytochemical compounds such as triterpenoids, phenolics and volatile oils. 

Ethylacetate extract exhibited a different combination of phytochemicals: phenolics, volatile oils, xanthoprotein and 

carbohydrates. Acetone extract contained compounds like triterpenoids, phenolics, volatile oils, flavonoids, 

xanthoprotein and carbohydrates
1,7

. 

Several studies have been carried out to isolate natural products from various parts of A. occcidentale. 2-

hydroxy-6-pentadecylbenzoic acid[1] and 2,6-dihydroxybenzoic acid [2]have been isolated from the cashew apple
8
. 

Other compounds isolated include myricetin[3], quercetin[4], kaempferol[5], rhamnetin[6]
9
, cyaniding [7], 

peonidin[8] and delphinidin[9] were also isolated 
2
. 
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2-hydroxy-6-pentadecylbenzoic acid[1], cardanol[10] and salicyclic acid [11]were isolated from the hydro-ethanolic 

extract of A. occidentale nuts
10

. 

Also isolated from the ethanolic extract of A. occidentale flower were ethyl gallate[12], hyperoside (quercetin 

3-galactoside) [13]. And from the ethanolic extract of the tender leaves, β-sitosterol[14] was isolated
11

. 

 

 

 

 

 

The research was carried out to study the chemical constituents of A. occidentale and discuss their relevance to the 

medicinal uses of the plant by isolation of the chemical compounds present as well as their characterization. 
 

2. MATERIALS AND METHODS 

2.1 Collection and identification of plant materials 
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Anacardium occidentale cracked bark was collected from University of Ilorin Botanical Garden, Nigeria. The plant 

samples were collected from four different trees, identified and documented at the Herbarium of the Department of 

Plant Biology, University of Ilorin. 

2.2 Extract preparation 
The cracked stem bark was pulverized and dried under ambient conditions. 600 grams of the plant material was 

extracted with ethanol for 72 hours and the resultant crude extract obtained was filtered. The crude extract was 

concentrated under reduced pressure using a rotary evaporator to obtain a solvent-free ethanol extract. 
 

2.3 Phytochemical analysis 
Qualitative phytochemical screening was carried to determine the presence of alkaloids, saponins, phenolics, 

flavonoids, steroids and terpenoids using the standard literature procedure 
12

. 
 

2.4 Thin layer chromatography 
Thin layer chromatography of the cracked bark was carried out to identify the unique distinguishing chemical 

constituents present in the cracked bark. Commercial thin layer chromatographic plate (Merck, Germany) was used. 

The solvent used was dichloromethane. Thin Layer Chromatograms were viewed under the UV lamp at the long 

wavelength of 366nm. 
 

2.5 Column chromatography 
The crude extracts were fractionated using Si-gel column chromatography. n-hexane and dichloromethane were used 

as eluents. Fractions obtained were collected in 50mL flasks. Identical fractions were pooled based on their TLC 

profiles thus resulting in 5 combined fractions. Further purification using preparative thin layer chromatography was 

carried out on fractions that were impure. 
 

2.6 Preparative thin layer chromatography 
Self-coated preparative thin layer chromatography plates were used to isolate and purify the chemical components. 

The plates were coated with slurry of silica gel mixed with appropriate amount of binder (calcium sulphate) and 

activated at 103
0
c for 15mins in a drying oven. 

 

2.7 Spectroscopic Analyses 
The isolates were characterized using data obtained from Fourier-Transform Infrared (FTIR) Spectroscopy and Gas 

Chromatography-Mass Spectroscopy (GC-MS). 
 

2.7.1 Infrared Spectroscopy 
The infrared spectroscopic analyses of the isolates were carried out so as to know the different functional groups 

present in the isolated compounds. The infrared spectra were recorded on Shimadzu 8400s (Schimadzu Corporation, 

Kyoto Japan) Fourier Transform-Infrared (FT-IR) Spectrophotometry using KBr pellet. 
 

2.7.2 GC-MS Analysis 
The analysis was done on Agilent 7890A GC/MS equipped with a Quadrupole Mass Spectra Detector and an Auto-

sampler. GC-MS system settings are as follows; 200
0
C, interfaced temperature, 250

0
C, solvent cut time; 2.50 min; 

relative detector mode, ACQ mode; Scan; start time – end time; 3.00 min – 56.00 min, event time,0.50 sec; scan 

speed, 1428.  
 

3. RESULTS AND DISCUSSION  

3.1 Phytochemical analysis 
The ethanolic extract of Anacardium occidentale cracked bark showed various phytochemicals like phenolics, 

flavonoids, triterpenoids and saponins. Alkaloids and saponins were not detected (Table 1). This agrees with the 

results of Fazali et al., (2011)
13. 

 

3.2 Column Chromatography of the Cracked Bark Extract 
A total of seventy-one fractions were collected from the column chromatography fractionation of the cracked bark 

crude extract (Si-gel). Combined fractions 29-39 was purified using PTLC. 
 

3.3 Infrared Spectra of Isolated Compounds 
From the IR spectra of the isolated compounds, the bands observed are summarized in table 2.0.  
 

F29-29/Z2 
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The O-H stretching band at 3444 cm
-1

 is of an alcohol. The O-H can be said to be associated. The C-H stretching at 

2929 cm
-1

, 2854 cm
-1

 corresponds to that of an aliphatic C-H. The C-O absorption peak for alcohol appeared at 1199 

cm
-1

 while the O-H bend occurred at 1219 cm
-1

, 1265 cm
-1

.   

 

 

F29-39/Z1
The O-H stretching band at 3423 cm

-1 
is that of an alcohol. The C-H stretching at 2926 cm

-1
, 2854 cm

-1
 corresponds to 

that of an aliphatic C-H. The C-O absorption peak for alcohol appeared at 1097, 1084 cm
-1

 while the C-H bends 

occurred at 1421cm
-1

, 1442 cm
-1

, 1479 cm
-1

. 
 

3.5 GC-MS Analyses Results 

F29-29/Z2 
Three main peaks were highlighted in the GC-MS (Table 3.0).The 3 major peaks corresponds to three different 

compounds including fatty acids and fatty acid esters. These peaks according to NIST Library matching are 

cyclohexane carboxylic acid, decyl ester (51.19%, RT = 53.434) and n-hexadecanoic acid (34.22%, RT = 45.847), all 

constituting 87.65% of the total. 

n-hexadecanoic acid, probably responsible for the yellow color of the isolate 
14

, has been reported to be among 

the fatty acids which possess antibacterial and antifungal activity 
15,16

. It may thus be implicated as part of the agents 

responsible for the bactericidal activity of the ethanolic extract of A. occidentale bark against enterotoxin producing 

bacteria 
4
. It might also be partially or wholly responsible for the antifungal properties exhibited by the ethanolic 

extract against A. flavus, A. fumigatus, A. niger, curvalaria sp and Fusarium sp
1
. 

The 17-octadecynoic acid though not a major component of the isolate, has been reported to possess 

antihypertensive properties
17

. 

A unique and major component of the isolate proposed by the NIST library of the GC-MS is 

cyclohexanecarboxylic acid, decyl ester (MF 268). However from the mass spectra, the molecular formula of the 

matched compound is 281 while its base peak is m/z 129 which is different from the proposed compound with a base 

peak of m/z 57 characteristic of cyclic alcohols. The reason for this could be due to the possible presence of a 

substituent on the cyclohexane ring which may have been earlier fragmented. The proposed structure for this 

compound (100) and its fragmentation pattern are given in figure 4. 
 

F29-39/Z1 
Five compounds were observed in the GC-MS as indicated in table 6.0. The MS spectra data in table 6.0 showed 5 

peaks corresponding to five different compounds. This infers the isolate is a mixture of compounds. The compounds 

present include 2-trifluoroacetoxydodecane (22.76%, RT = 43.032), oleic acid (18.21%, RT = 48.199), 1-

cyclohexylnonene (7.03%, RT = 48.365), octadecanoic acid, 2,3-dihydroxypropyl ester (45.06%, RT = 49.052) and 3-

[(trimethylsilyl)oxy]-17-[o-(phenylmethyl)oxime]-(3α,5α)-androstane-11,17-dione (7.0%, RT = 53.560). 2-

trifluoroacetoxydodecane and Octadecanoic acid, 2, 3-dihydroxypropyl ester are the major compounds present as they 

constitute 67.82% of the total. 2-trifluoroacetoxydodecane, one of the major constituents has been reported to possess 

antitumor activity against murine mammary adenocarcinoma 
18

. Octadecanoic acid, 2, 3-dihydroxypropyl ester also 

one of the main components of the isolate, has been reported to possess therapeutic activities which include 

antioxidant, hepatoprotective, antihistaminic, hypocholesterolemic and antieczemic activities. Its antioxidant activity 

is possibly evident in thereported antioxidant property of the fatty acid octacosanoic acid
19

. 

A unique constituent of this isolate is the androstane steroid 3-[(trimethylsilyl)oxy]-17-[o-

(phenylmethyl)oxime]-(3α,5α)-androstane-11,17-dione. Although it is not a major constituent of the isolate, it is 

significant because no androstane steroid has been reported to be isolated from any part of Anacardium occidentale as 

at the time of this report. Furthermore, the structure proposed by the NIST library has been modified due to the low 

percentage matching between its mass spectra and the compound’s mass spectra. The base peak of the library 

suggestion is m/z 91 (MF = 381) while that of the matched compound is m/z 207 (MF = 341), hence the need to 

modify the structure to obtain a compound whose spectra matches that obtained from the GC-MS.   

The structure and fragmentation pattern of the modified androstane steroid proposed are shown in figure 6 

below. It is a hydroxylimine steroid. It is noteworthy that androstane steroids have been reported to have potentials in: 

alleviating stress, anxiety, mood disorders, seizures, depression; treatment of drug and alcohol abuse, memory, 

premenstrual disorders, and neural system damage 
20

. 
 

4. CONCLUSION 
The cracked bark of A. occidentale was found to contain of fatty acid esters, the notable one being 5-methylbut-2-en-

1-yl 3-hydroxy-5-methoxy cyclohexane carboxylate. Also noteworthy is a unique new and rostane steroid derivative 

being reported for the first time in Anacardium. occidentale. These are compounds which could serve as new lead 

compounds with promising biological activities. 
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ABSTRACT 
This study reports the concentration levels of selected essential metals; Ca, Mg, Na, K, Fe and Zn in the drinking water collected 

from different areas of Islamabad. The levels of these metals present in the drinking ground water were compared with standards 

reported worldwide. The analysis was carried out using atomic absorption spectrophotometry. The mean metal concentration for 

Na was far less than those reported worldwide, while the average concentrations of K and Zn were also less than those reported 

worldwide. The mean concentration of Fe was equal to those reported worldwide standards. Sodium showed maximum 

concentration while Fe was estimated to be the lowest among the selected metals. 
 

Keywords:Essential Metals;Ground water;Atomic Absorption Spectrophotometry 

 
1. INTRODUCTION 
Environmental pollution especially in the metropolitan cities is generally expected to deteriorate the quality of 

drinking water. One of the important parameters of the quality of water is represented by the concentration of major, 

minor and trace elements. In industrial areas, some of the metals may be expected to present at considerably elevated 

level as a result of excessive industrial effluents which might find their way to the underground drinking water 

reservoir
1
. Contrary to such theory, one may suggest that, the underground drinking water resources may still be out of 

reach to the surface pollutants. In any of such cases, regular monitoring of trace metals is always recommended 

especially in the drinking water
2
. 

In Pakistan, only limited population has access to the purified public water supply while the rest of population 

is dependent upon direct withdrawal of water from both surface and underground sources. Most of the quality 

problems in Pakistan are due to lack of waste disposal regulations non-availability of treatment facilities and due to 

lack of public awareness about water quality
3
. 

Atomic absorption spectrophotometry is most commonly used for the determination of metal levels in the groundwater 

and soil
4
. In addition, few other techniques, such as X-ray fluorescence, ICPMS, ICPES, flame photometry, emission 

spectrography and voltammetry have been used for metal analysis on limited scale. Atomic absorption method is 

preferably used because it is more sensitive, and reproducible, relatively free of interferences and convenient to use 

than most of the other methods of analysis. For the quantitative measurements of trace metal levels, calibration line 

method has been most widely applied. The most selective light sources in the form of hollow cathode lamps have been 

in use since a long in atomic absorption spectroscopy
5
. 

Drinking water used in Rawalpindi and Islamabad is contributed by two main sources. First is the surface 

water, mainly in the form of dams and the other is groundwater which is drained off after proper boring. Water 

supplied to twin cities of Rawalpindi and Islamabad is mostly a run-off collected from the watershed of Murree hills. 

The contamination is due to the anthropogenic emissions and geological structure of the area bearing unhealthy 

minerals affecting the taste and characteristics of water
6
. The pathogenic organism is also responsible for health 

hazard, apart from the inorganic chemical
7
. The present study was carried out to estimate the concentration of selected 

essential metals  Ca, Mg, Na, K, Fe and Zn in the drinking water and then to compare these metal levels with the 

international standards in order to evaluate their health effects. 
 

2. EXPERIMENTAL 
Water samples were collected from the residential areas of Islamabad. These samples were collected in plastic bottles 

and stored in proper place before analysis. Before filling, the sample bottles were first rinsed with the sample water 

and were then filled to overflow so that no air bubble was left trapped in the sample. The samples were collected 

during day time, mostly on a shiny day. Care was taken to collect the representative samples. 

For calibration line, working standards of the metals were prepared. The stock solutions of 100 ppm of all 

these metals were prepared from pure metal salts, or metal salt having fixed H2O molecules. The working standards 

were prepared by appropriately diluting 100 ppm stock solutions of these metals. All equipments used, were properly 

calibrated prior to experimental measurement. 
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Atomic absorption spectrophotometer (Hitachi, 170-10, Japan) equipped with laminar flow burner. Air-acetylene 

flame was used for the determination of these metals under optimum analytical conditions shown in Table-1. Each 

metal was analyzed at its optimum wavelength under stipulated flow rate of oxidant and fuel, as recommended by the 

manufacturer of the instrument. Every care was taken to reduce the contamination during the analysis. 
 

3. RESULTS AND DISCUSSION 
The analysis of selected essential metals was performed under the optimum analytical conditions as shown in Table-1. 

The absorption wavelength used for Ca was 422.7 nm, for Mg 285.2 nm, for Na 589.0 nm, for K 766.5 nm, for Fe 

248.3 nm,Zn 213.8 nm. The lamp currents were properly adjusted as recommended by the manufacturer and oxidant 

and fuel flow rates were also controlled for maximum absorption signal (Table-1). 

The distributed parameters for the selected essential metals in the drinking water are shown in Table-2. 

Minimum levels for Ca, Mg, Na, K, Fe, and Zn were 1.15, 9.00, 11.21, 0.70, 0.20 and 0.23 ppm, while their maximum 

values were 32.43, 25.64, 25.95, 4.43, 0.63 and 0.56 ppm respectively. Ca, Mg and Na were present at dominant levels 

while K, Fe, and Zn showed relatively low concentrations. Mean and median values were found to be comparable in 

each case. Overall, the metal levels were quite divergent as manifested by relative high standard deviation values as 

well as appreciably large coefficient of variance. 

In water, trace amounts of metals are common, and normally, these are not harmful to health. Infact, some 

metals are essential for the sustainability of life. Ca, Mg, K and Na must be present at relatively higher levels for 

normal body functions. Co, Cu, Fe,Mn, Mo, Se and Zn are needed as catalysts for enzyme activities at low levels. 

Drinking water containing high levels of these extremely important metals or poisonous metals such as Al, As, Ba, 

Cd, Cr, Pb, Hg. Se and Ag may be dangerous to health
8
. 

The presence of metals in water supply may be natural or may be the result of contamination. Natural 

presence of these metals is the result of dissolution of metals due to the connection of water with soil or 

rocks
9
.Corroded material i.e corrosion of pipes and waste disposal leakage are the major sources of contamination of 

water. Metals present at high enough level than threshold limit value should be removed to be out of risk factor. 

Comparison of present metal levels with the international standards is shown in Table-3. Ca is important in 

controlling nerve impulse conduction and muscle contraction in living organisms. It has very important role in blood 

clotting. It converts fibrinogen to fibrin during blood clotting
10

.Ca is very important for good health. Most of the 

required portion of Ca for human body is provided by the drinking water containing Ca. This particular amount of Ca 

prevents ailments as hypertension, osteoporosis and cardiovascular disorders. The calcium level was found in the 

range of 1.15 to 32.43ppm. The WS-1, WS-2, WS-3 has approximately equal amount of Ca while the WS-6 has a 

maximum amount of Ca. The median of all these samples were 18.64 ppm. The WS-5 was found to have the 

minimum amount of Ca. All the observation shows that Ca has the low amount than the WHO standards. The standard 

deviation is 8.02 and the co–efficient of variance is 40.8 which is maximum than all the other elements.  

Magnesium is driven out from the bodies of healthy persons. People may suffer from increase in blood 

pressure, muscle weakness and even coma if they have kidney disease. Mg is for signaling the nervous system and it 

also participates in osmotic and electrolyte balance. It is essentially required in photosynthesis. In human, it can cause 

genetic disorder
11

. In the present work the Mg mean value was found 18.04 ppm. The concentration of Mg ranges 

from 9.00–25.64 ppm. The lowest value was found in WS-6D and the highest was found in WS-2C. The median was 

found 16.36 ppm .All the values were found to be below the international standards of WHO. The maximum 

difference was found in WS-1 samples which is 15.93–25.23. The median was lower than the mean which shows 

asymmetry in its distribution. The standard deviation is 4.59ppm and co-efficient of variance is 23.21 which is lower 

than all other elements. 

Sodium is beneficial to healthy adults at normal intake levels. But people having hypertension or heart 

problem should reduce Na intake to lower the danger of heart diseases and blood pressure. Na has serious effects on 

both human life and crop yield. Water high in Na is considered soft and generable for irrigation
12

. In present study, the 

result showed the mean value of Na was 19.80 ppm which was higher than Ca and Mg but this level was not the toxic 

level, so it has no bad effects. Na levels range from 11.21to 35ppm. The least Na levels were found in WS-6D and the 

highest was found in WS-4E. The median was higher than the mean value which showed the negative asymmetry in 

the data. The spread of the data is found in form standards deviation and was 6.02ppm and the co-efficient of variance 

was 33.39%. In comparison with the international standards, the Na levels found in the samples were low than WHO, 

EU, UK and Japan, but are just equivalent to USEPA standards.  

In natural water, K is found in far smallest concentration than other metals. It acts in water as Na does, 

although it occurs in small concentration but plays an important role in metabolism of the fresh water environment and 

is regarded to be the vital macro-nutrients. It has an important role in maintenance of osmotic and electrolytic balance. 

It is important in proper rhythm of heart beat. It is important for creation of nerve impulse and its transmission
13

. In 

our analysis the K ranges from 0.70 to 4.43ppm and mean value was 3.06 ppm. The lowest level was found in WS-6A 
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and the highest in WS-3A. The median is 3.53 ppm which showed the negative asymmetry and standard deviation is 

1.19 and co-efficient of variance is 39%. K values in present study were much lower than EU and UK standards.

Iron in water has not hazardous for health by itself but it may be responsible for increasing the hazard of pathogenic 

organisms, because many of these organisms need Fe to grow. Iron is one of the most abundant metals in the earth 

crust and is essential for plants, animals and human being. The permissible limit placed on this metal has no health 

significance
14

. In our study the mean value found for the Fe was 0.39 ppm. The minimum value was found at 0.2ppm 

in the WS-4B, and the maximum was 0.63ppm in WS-1A. The median found for Fe was 0.40 which is greater than the 

mean and show asymmetry in the data. The standard deviation was 0.13 which showed small spread of the data. The 

co-efficient of variance value was 33.79%, in comparison with the international standards of WHO, EU, USEPA, UK, 

Russia and Japan present levels were almost same.The iron present in the sample seems to be ferrous iron since no 

discoloration of water was observed when collected.  
 

Table-1: Optimum analytical conditions on FAAS for selected essential metals 

Metals 
Absorption Wavelength 

(nm) 

Lamp Current 

(mA) 
Fuel flow rate (kg/cm

2
) 

Oxidant flow 

rate(kg/cm
2
) 

Ca 422.7 7.5 0.20 > 1.0 

Mg 285.2 10.0 0.20 > 1.0 

Na 589.0 10.0 0.20 > 1.0 

K 766.5 10.0 0.20 > 1.0 

Fe 248.3 10.0 0.30 > 1.0 

Zn 213.8 10.0 0.30 > 1.0 
 

Table-2: Distribution of selected essential metal levels (ppm) in the drinking water 

BDL = Below Detection Limits 

Sample Code Ca Mg Na K Fe Zn 

WS-1 A 15.62 25.23 17.94 3.73 0.63 0.50 

WS-1 B 18.28 20.42 18.93 3.52 0.40 0.56 

WS-1 C 12.83 23.65 21.57 3.27 0.41 0.52 

WS-1 D 19.00 15.93 19.89 3.8 BDL 0.48 

WS-2 A 15.64 23.70 13.73 4.15 0.6 0.52 

WS-2 B 18.28 21.09 13.64 3.63 0.41 0.52 

WS-2 C 14.83 25.64 18.41 3.2 0.34 0.48 

WS-2 D 19.52 16.95 13.85 4.15 BDL 0.47 

WS-3 A 16.45 23.70 14.73 4.43 0.62 0.50 

WS-3 B 17.90 20.53 13.82 3.87 0.36 0.50 

WS-3 C 15.13 23.64 20.00 3.52 0.44 BDL 

WS-3 D 21.00 15.93 12.95 4.21 BDL 0.32 

WS-4 A 29.00 25.43 24.43 4.15 0.40 BDL 

WS-4 B 28.25 20.00 30.52 4.00 0.20 BDL 

WS-4 C 25.64 21.93 35.00 3.53 0.43 0.31 

WS-4 D 26.87 19.94 25.95 3.92 0.21 0.30 

WS-5 A 2.00 25.43 15.83 2.41 0.30 BDL 

WS-5 B BDL 18.30 15.72 1.90 BDL BDL 

WS-5 C 1.15 24.07 20.00 1.83 BDL 0.24 

WS-5 D BDL 18.95 13.84 2.15 0.52 BDL 

WS-6 A 28.90 11.95 11.65 0.70 0.24 BDL 

WS-6 B 32.43 10.50 12.64 0.91 BDL BDL 

WS-6 C 29.64 11.00 16.91 1.58 0.25 0.36 

WS-6 D 24.15 9.00 11.21 0.80 BDL 0.23 

Mean 19.65 18.4 19.80 3.60 0.39 0.42 

Median 18.64 16.37 20.48 3.53 0.40 0.48 

SD 8.02 4.59 6.02 1.19 0.13 0.12 

CV 40.81 23.21 33.39 39.00 33.79 27.49 

Min. 1.15 9.00 11.21 0.70 0.20 0.23 

Max. 32.43 25.64 30.52 4.43 0.63 0.56 

N 22.00 24.00 24.00 24.00 17.00 16.00 
 

Zinc is very important constituent in our diet. Zn has hazardous effects if we increase its amount 10-15 times 

higher than the amount required for good health. Large doses of Zn taken orally even for a short period of time can 

cause nausea, stomach cramps and vomiting. Its intake for longer time results in anemia and in decreasing the levels of 
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good cholesterol. Metal fume fever, a short term disease, may be the result of inhaling Zn as dust or fumes of zinc. 

Breathing high levels of Zn for long time, no doubt, has long-term effects but these are still unknown. Zinc is essential 

element for plants and exists in water and soil as an organic complexes and inorganic salts. Zinc is required for 

growth, sexual development, wound healing infection, sense of taste and night vision in human
15-17

. The mean value 

found in water samples was 0.42 ppm which ranged from 0.23 to 0.56 ppm. The median of the data reading was 0.48 

which showed negative asymmetry in the data. The standard deviation shown was 0.12 ppm and co-efficient of 

variance was 27.49 %. When these values are compared with international standards the Zn level was found lower 

than WHO, US EPA, Russia, but was higher than EU. 
 

Table-3: Comparison of selected essential metal levels (ppm) with the international standards reported world-wide
18

 

 Ca Mg Na K Fe Zn 

WHO 100 30-50 200 12 0.3 3.0 

EU - - 150 12 0.2 0.1 

USEPA - - 20 - 0.3 5 

UK - - 150 10. 0.2 - 

Russia - - - - 0.3 1.0 

Japan - - 200 - 0.3 - 

Present level 19.65 18.40 19.8 3.06 0.39 0.42 

  

4. CONCLUSION 
It was observed during the present study that mean concentrations of Ca, Mg, Na, K, Fe, and Zn in the drinking water 

of Islamabad were found to be 19.65, 18.04, 19.80, 3.06, 0.39, and 0.42 ppm respectively. For Na, K, Ca, Mg and Zn, 

these values are far less in comparison to the concentrations reported worldwide, whereas for Fe present value is 

nearly equal to the reported values. Ca, Mg and Na were in high concentrations as they are macronutrients while K, Fe 

and Zn being the micronutrients were present in low concentrations. Over all, the selected metals revealed asymmetric 

distribution in their concentration duly reported by standard deviation and co-efficient of variation. 
 

5. REFERENCES 
1. Manahan, S. E.  Environmental Science and Technology, Lewis Publishers, New York, pp. 339-340, (1997). 

2. Khan, M. J., Sarwar, S. and Khattak, R. A.  Evaluation of river Jehlum water for heavy metals (Zn, Cu, Fe, 

Mn, Ni, Cd, Pb, and Cr) and its suitability for irrigation and drinking purposes at district Muzaffarabad (AK), 

Journal of the Chemical Society of Pakistan, 26, 436-442, (2004). 

3. InamUllah, E. and A. Alam, Assessment of drinking water quality in Peshawar, Pakistan. Bulg. J.Agric. Sci., 

20: 595-600, (2014). 

4. Robinson, J. W. Undergraduate Instrumental Analysis, 5th Edition, Marcel Dekker, New York, pp. 7-8, 316-

318, (1995). 

5. Mendham, J., Denney, R. C., Barnes, J. D. and M. Thomas, Quantitative Chemical Analysis, 6th Edition, 

Addison Wesley Longman Singapore. pp. 60-64, (2000). 

6. Manzoor, S.,Shah, M. H.,Shaheen, M. H, N., Khalique, A. and Jaffar, M. Characterization distribution and 

comparison of selected metals in textile effluents, adjoining soil and groundwater, Journal of the Chemical 

Soiety of Pakistan, 28, 10-13, (2006). 

7. Rauf, M. A., Ikram, M.and Shaukat, S. Water analysis of Rawal lake and its surrounding areas, Journal of the 

Chemical Society of Pakistan, 24, 271-281, (2002). 

8. Paul, B. Tchounou, Clement, G., Yedjou, Anita, K. Patlolla, and Dwayne, J. Sutton,  Heavy Metals Toxicity 

and the Environment, EXS, 101: pp. 133–164, (2012). 

9. Kumar, A.  Environmental Chemistry, 2nd Edition, Wiley Eastern Limited, New Delhi, pp. 60-64, (1989). 

10. Tahir, M. A., Chaudary, M., Rasool, M. R., Naeen, T. M., Chughtai, I. R. and Dhami, M. S. I.  Quality of 

drinking water samples of Sialkot and Gujranwala, Proceedings of Tenth National Chemistry Conference, pp. 

62-69, (1999). 

11. Konrad M, Weber S. Recent advances in molecular genetics of hereditary magnesium-losing disorders. 

Journal of American Society, Nephrol. 14:249–260, (2003), 

http://dx.doi.org/10.1097/01.ASN.0000049161.60740.CE. 

12. Dr. James Robbins,Irrigation Water For Greenhouses And Nurseries Agriculture And Natural Resources, 

FSA6061. 

13. Hodgkin, AL., Huxley, AF., "Currents carried by sodium and potassium ions through the membrane of the 

giant axon of Loligo". Journal of Physiology 116 (4): 449–472, (1952), 

http://dx.doi.org/10.1113/jphysiol.1952.sp004717. 

http://dx.doi.org/10.1097/01.ASN.0000049161.60740.CE
http://dx.doi.org/10.1113/jphysiol.1952.sp004717


Pakistan Journal of Chemistry 2015 

  

68 

 

14. AfzalShah, Abdul Niaz, Nazeef Ullah, Ali Rehman, Muhammad Akhlaq, Muhammad Zakir, and Muhammad 

Suleman Khan, Comparative Study of Heavy Metals in Soil and Selected Medicinal Plants, Journal of 

Chemistry, Volume 20137, http://dx.doi.org/10.1155/2013/621265. 

 

15. Simmer K, Thompson RP. Zinc in the fetus and newborn. Acta Paediatr Scand Suppl 319:158-63, (1985), 

http://dx.doi.org/10.1111/j.1651-2227.1985.tb10126.x.  

16. Fabris, N., Mocchegiani E. Zinc, human diseases and aging. Aging (Milano),7:77-93, (1995), 

http://dx.doi.org/10.1007/bf03324297.  

17. Maret, W., Sandstead, HH. Zinc requirements and the risks and benefits of zinc supplementation. J Trace 

Elem Med Biol,20:3-18, (2006), http://dx.doi.org/10.1016/j.jtemb.2006.01.006. 

18. Radojevic, M.  and Bashkin, V. N. Practical Environmental Analysis, Royal Society of Chemistry, 

Cambridge, UK, (1999). 

 

http://dx.doi.org/10.1155/2013/621265
http://dx.doi.org/10.1111/j.1651-2227.1985.tb10126.x
http://dx.doi.org/10.1007/bf03324297
http://dx.doi.org/10.1016/j.jtemb.2006.01.006


Pak. J. Chem. 5(2): 69-76, 2015                                                                                                                                          Full Paper 

ISSN (Print): 2220-2625 

ISSN (Online): 2222-307X  DOI: 10.15228/2015.v05.i02.p04 

*Corresponding Author   Received 9
th

November 2015, Accepted 21
st
March 2015 

The Chemical Isomerization of Whey Lactose to Lactulose by Using Column Reactor 
 

*
T. N. Musa and

1
T. K. Nahla 

1
 Basic Sciences Section, College of Agriculture, University of Baghdad, Iraq. 

2 
Department of Food Sciences, College of Agriculture, University of Baghdad, Iraq 

E-mail: 
*
tariq_nm2000@yahoo.com 

 

ABSTRACT 
The isomerization of whey lactose to lactulose was carried out using column reactors of 1, 2 and 3M sodium aluminates at 30 and 

70
o
 C. The effect of different sodium aluminates molarities, temperature and flow rates on the formation of lactulose and overall 

degradation have been studied. There was a proportional relationship between lactulose formation and sodium aluminates 

molarities, the same as with the isomerization temperature, 67 and 80% lactulose were respectively obtained at 30 and 70
o
 C by 

using 3M sodium aluminates. A reverse relationship was found between lactulose formation and flow rates. The previous 

relationships were true with overall degradations. 
 

Keywords: Whey Lactose, column isomerization, lactulose. 

 
1. INTRODUCTION 
The disaccharide lactulose is an artificial sugar with a significant impact on human digestion. It can be generated by 

either alkaline isomerization of lactose via the Lobry de Bruyn - Alberda van Ekenstein rearrangement or by enzyme-

catalyzed synthesis. Based on the first reaction, different process schemes for the preparation of lactulose have been 

developed. The enzymatic synthesis of lactulose can be carried out using different pathways with the trans 

galactosylation reaction being the most promising
1
. 

Lactulose is recognized as a prebiotic and it is used inthe form of syrup for the treatment of some intestinaldisorders. It 

is slightly sweeter than lactose and can be used as a partial sucrose substitute in some food products
2
. Lactulose can 

also be used as a food supplement in pediatric diets for the development of functional foods and in geriatric medicine 

for some targeted populations with severe constipation syndrome
3
. Lactulose is also widely used as a statement in 

hepatic encephalopathy. 

Lactose is an expensive raw material for lactulose synthesis. Applying milk whey, which contains 4.5–5% (w/v) 

lactose, is much more cost effective. Whey is a by-product of cheese and casein production and an inexpensive raw 

material containing a high amount of lactose. Much of the whey produced by the dairy industry is used as animal feed, 

fertilizer and as a food ingredient or additive
4
.Nevertheless, about 30% of the annual world whey production (177 

million tons in 2006) remains underutilized
5
. Whey is considered an environmentally high-strength wastewater 

pollutant due to its high biological oxygen demand and chemical oxygen demand
6
. Its cost-effective disposal and 

utilization has become increasingly important to the dairy industry. Additionally, environmental and economic 

concerns demand that whey should be converted to value-added products. 

The aim of the present work was to study the effect of different molarities of sodium aluminates, temperature degrees 

(30 and 70˚C) for different periods of time on the isomerization of whey lactose to lactulose. 
 

2. MATERIALS AND METHODS 
27, 54 or 81 g of cutting aluminum wires (99.9% purity) were stirred with 1L of 1, 2 or 3M sodium hydroxide to 

prepare 1, 2 and 3M sodium aluminates. The mixture was allowed to cool at room temperature and filtered through 

Whitman paper No. 54. The precipitated sodium aluminate was washed with distilled water to get rid of access base. 

Purified sand (250-300 µm diameter)can be used as supporting material, instead of silica gel to hold (by adsorption) 

sodium aluminates molecules. 3 double jacket glass columns (77 cm height, 3 cm inner diameter, 5 cm outer diameter 

and 395.64 cm
3
 reactor bed) were used in the present study. The sweet whey was heated for 15 min. at boiling point to 

separate the whey proteins. The proteins free whey was filtered by using Buchner funnel through Whitman filter paper 

No. 1, to get rid of whey protein residues. The obtained solution was stored under refrigeration in a sealed container 

for the subsequent analysis and isomerization processes
7
. 

To 500 mL 1M, 2M or 3M sodium aluminates solution 500 g of silica gel (100-200 mesh) or 500 g sand (250-300 µm) 

was added. The mixture was stirred for 3h at room temperature using magnetic stirrer to fix the sodium aluminates on 

silica or sand surfaces. The mixture was transferred to a separating column with a continuous vibration to prevent gaps 

formation and discard air bubbles. The packed column has been washed several times with deionized water to reduce 

the pH value to 9.5-10.5. 

For each isomerization run, a 100 mL of clarified sweet whey (4.6 % lactose) was added on the top of column with 

different flow rates (1, 2 and 3 mL/min), at 30 and 70
o
C. The pH value of isomerized solution was adjusted to 7.0 by 

using 0.5% phosphoric acid. The aluminum phosphate precipitation was separated by centrifuge at 4,000 rpm for 10 

min.; the supernatants were collected and stored at refrigeration. High performance liquid chromatography (HPLC) 

method was used to determine the degree of lactose isomerization into lactulose
8
withanion exchange shimpack A1-
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column (50 x 4.6 mm, 3μm particle size).The mobile phase was a mixture of 15 mM NaOH spiked with freshly 

prepared 1mM barium acetate, the flow rate was 1.5 mL/min, the detector was Refractive index detector, the column 

temperature was controlled at 25 º C and the injection size was controlled at 20μl. 
 

3. RESULTS AND DISCUSSION 

In the present study, we have used the sweet whey separated from the cheese curd when the starter cultures and rennet 

are applied to milk during the manufacture of cheese
9
.Fig. 1 shows the effect of 1, 2 and 3 mL/min flow rates on the 

formation of lactulose from 4.6% whey lactose when a column reactor of 1M sodium aluminates was used as an 

alkaline catalyst at 30° C. The highest conversions to lactulose were observed during the first run (100 mL), 69.22, 

62.31 and 57.28 % using 1, 2 and 3 mL/min flow rates respectively. The column efficiency decreased throughout the 

following runs, with 1 mL/min the percentage of lactulose decreased from 69.22% to 24.38% upon the run number 

10.After each run the column was washing with deionized water and kept wet to the next run (another 100 mL). At 

the end of each run the pH of the isomerized mixture has been determined. The decreasing of lactulose conversion 

due to the dropping in pH values throughout the following runs caused by the exhausting sodium aluminates. So, we 

need at the end of each run to precipitate the sodium aluminates as aluminum phosphate which it is white slurry 

separated by centrifugation process. There was a negative correlation between lactulose formation and the flow rate. 

No detectable degradation was noticed at these conditions; the by-products formation always accompanied high 

molarity alkaline and high temperature degree
10, 11

.By collecting the volumes of the 10 runs (1000 mL), the 

conversion to lactulose will be 51.16, 47.83 and 42.66% when 1, 2 and 3 mL/min flow rates were used. Thus we have 

gained 3.18, 2.87 and 2.63 g lactulose (of 4.6% lactose) by using 1, 2 and 3 mL/min flow rates. Therefore, and for 

economical reasons, the use of 3 mL/min is better than 2 ml/ min and 1 mL/min flow rates respectively. 
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Fig.1: The effect of 1M sodium aluminates on the formation  of lactulose byusing sweet whey of 4.6 % lactose at 30˚C , (A) 

1mL/min ,(B) 2 mL/minand(C)  3mL /min. 
 

Fig. 2 shows the effect of 1, 2 and 3 mL/min flow rates on the formation of lactulose from 4.6% whey lactose when a 

column reactor of 1M sodium aluminates was used as an alkaline catalyst at 70°C.  The overall degradation 

percentages of the isomerization are higher in the first run as compared with 30
o 

C, but in general, the overall 

degradation by using column reactor was less comparing with batch reaction. The by-products formation always 

accompanied the high alkaline molarities and high temperature degrees. There was a reverse relationship between by-

products formation and the runs number
1
, the same as between lactulose formation and the flow rate. The conversions 

to lactulose are dropped from 74.99, 67.26 and 60.76% within the first run by using 1, 2 and 3 mL/min flow rates to 

26.99, 26.80 and 22.93% respectively during the run number 10. We had gained 3.75, 3.36 and 3.04 g of lactulose by 

using 1, 2 and 3 mL/min. Therefore, and for economical reasons, the use of 3 mL/min flow rate is better than 2 and 1 

mL/min. 
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Fig.2: The effect of 1M sodium aluminates on the formation  of lactulose by using sweet whey of 4.6 % lactose at 70˚C , (A) 

1mL/min ,(B) 2mL/min and (C) 3mL/min. 
 

Fig.3 and 4 refer to the effect of 2M sodium aluminates and 1, 2 and 3 mL/min flow rates on the formation of lactulose 

using sweet whey of 4.6 % lactose at 30 and 70˚C respectively. There was a negative correlation between lactulose 

formation and the run number. The decreasing of lactulose conversion, due to the dropping of pH values which is 

associated with sodium aluminates exhausting. These results are agreed with
12

,who found, that the maintenance of high 

pH favors lactulose formation. There was a negative correlation between lactulose formation and the flow rate. 

As shown in Fig.3,no detectable degradation was noticed at 30
o
C which refers that the by-products formation always 

accompanied high temperature degree
1
. The conversions to lactulose are dropped from 72.16, 63.68 and 57.19% 

within the first run using 1, 2 and 3mL/min flow rates  to 30.30, 24.99 and 19.89% respectively during run number 10 

( for reasons mentioned before). 

Fig. 4 shows the effect of 1, 2 and 3 mL/min flow rates on the lactulose formation by using 2M sodium aluminates at 

70
o
C. The overall degradation percentages are high in the first runs comparing with 30

o
 C and with 1Msodium 

aluminates column reactor at the same temperature degree. 78.06 % of the maximum lactulose was formed at the first 

run by using 1mL/min flow rate. The percentage of lactulose was dropped from 78.06 % within the first run to 31.71 

% during run number 10 at the same conditions. There was a negative correlation between lactulose formation and the 

run number. The decreasing in lactulose percentages were due to the dropping of pH values and the sodium aluminates 

exhausting. These results are agreed with
13

, who showed that higher temperatures cause a decrease in the formation 

rate of lactulose; this can probably be due to higher carbohydrate degradation. 
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Fig.3 : The effect of 2M sodium aluminates on the formation  of lactulose by using sweet whey of 4.6 % lactose at 30˚C , (A) 

1mL/min ,(B) 2  mL/min and (C) 3m L/min. 
 

 
 

 
 

Fig.4: The effect of 2M sodium aluminates on the formation  of lactulose  by  using  sweet whey of 4.6 % lactose at 70˚C , (A) 

1mL/min ,(B) 2  mL/min and (C) 3m L/min.
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3M sodium aluminates gave higher lactulose formation at the first run as compared with 1M and 2M sodium 

aluminates at the same conditions. The overall degradation is also higher than those with 1M and 2M column reactor. 

Figs. 5 and 6 refer to the effect of 3M sodium aluminates by using 1, 2 and 3 mL/min flow rates on the formation of 

lactulose by using sweet whey of 4.6 % lactose at 30 and 70˚C respectively. Fig 5 shows the effect of 3M sodium 

aluminates with 1, 2 and 3 mL/min flow rates column reactors at 30
o
C on the lactulose formation. The higher 

percentage of lactulose was observed during the first run (100 mL), 76.65% had been obtained by using 1 mL/min flow 

rate.The percentage of lactulose was dropped from 76.65% (1 mL/min flow rate) to 41.39 %during the run number 10. 

The decreasing in lactulose formation at the latest runs was due to the exhausting of sodium aluminates associated with 

pH dropping
12

. No detectable degradation was noticed at 2 and 3 flow rats. 

Fig. 6 illustrates the effect of 3M sodium aluminates by using 1, 2 and 3 mL/min flow rates on the formation of 

lactulose at 70 ˚C. The first runs, by using 3M sodium aluminates are higher by 7.55, 9.73 and 12.82 % than using 1M 

sodium aluminates at the same flow rates. The higher conversion to lactulose (81.12%) was observed during the first 

run by using 1 mL/min flow rate. The percentage of lactulose formation was dropped to 43.20 % during the run 

number 10.  The overall degradation percentage by using 3Mishigher in the first run comparing with 1Mand 2M 

sodium aluminates at the same temperature degree, this result agrees with
1
,who showed that, the by-products formation 

always accompanied high molarities alkaline and high temperature degree. 
 

 
 

 
 

 
Fig.5: The effect of 3M sodium aluminates on the formation  of lactulose by using sweet whey of 4.6 % lactose at 30˚C , (A) 

1mL/min ,(B) 2 mL/min and (C) 3m L/min.
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Fig.6 : The effect of 3M sodium aluminates on the formation  of lactulose by  using sweet whey of 4.6 % lactose at 70˚C , 

(A) 1mL/min ,(B)2 mL/min and (C) 3m L/min. 
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ABSTRACT 
1,3-Benzodioxol-5-amine(1)was used as a precursor to synthesizeN-alkyl/aralkyl-N-(1,3-benzodioxol-5-yl)arylsulfonamide 

derivatives, 7a-b to 9a-b. The molecule 1 was reacted with arylsulfonyl chlorides, 2a-b,on stirring in a dilute aqueous sodium 

carbonate solution to synthesize N-(1,3-benzodioxol-5-yl)arylsulfonamide, 3a-b. The molecules, 3a-b, were further stirred with 

alkyl/aralkyl halides, 4-6, in DMF at RT to get the desired final compounds, 7a-bto 9a-b.The synthesized molecules were 

structurally confirmed by IR, 
1
H-NMR and EIMS spectral data.The antibacterial activity of these compounds rendered them 

moderately weak inhibitors relative to ciprofloxacin, the reference standard. 
 

Keywords: 1,3-Benzodioxol-5-amine, antibacterial activity and arylsulfonyl chlorides. 

 
1. INTRODUCTION 
The derivatives of sulfonamides are well known pharmaceutical agents.The stability and tolerance of sulfamoyl 

functional group rendered it a basic constituent of many pharmaceutical agentsemployed for treatment of many 

infections
1
.The diversity of sulfonamide biological activities in agricultural

2
and pharmaceutical

3
 fields gave them 

much importance in medicinal chemistry.These molecules have a diverse number of biological activities such as 

antibacterial
4
, carbonic anhydrase inhibition

5
, anti-inflammatory

6
and antitumor

7
activities.There are also many 

commercially available drugs containing sulfamoyl moiety such as bosentan
8
, amprenavir

9
and sildenafil

10
. 

Such type of compounds have been synthesized and evaluated foranti-enzymaticactivities by our group
11-12

 

and the current projectwas an attempt to evaluate these molecules for their antibacterial potential and found them 

moderately low inhibitors. 
 

2. EXPERIMENTAL 

2.1General 
The chemical reagents used including1,3-benzodioxol-5-amine,arylsulfonyl chlorides and alkyl/aralkyl halides were 

Merck and Alfa Aesar branded along with analytical grade solvents.The technique used to confirm the purity of the 

prepared compounds was thin layer chromatography run in solvent systems with varying ratios of EtOAc and n-

hexane and visualized under UV at 254 nm. Melting points were determined by using Griffin George apparatus with 

open capillary tube. The IR spectra were obtained by adopting KBr pellet method on a Jasco-320-A spectrometer. 
1
H-

NMR spectra were recorded in CHCl3-d1 on Bruker spectrometers at 400 MHz. Mass spectra (EIMS) were recorded 

on a JMS-HX-110 spectrometer with data system.  
 

2.2 General procedure for synthesis of N-(1,3-Benzodioxol-5-yl)arylsulfonamide (3a-b) 
1,3-Benzodioxol-5-amine (1; 0.012 mol) was dispersed in 15 mL distilled water in a 100 mL round bottom flask. Then 

arylsulfonyl chlorides (2a-b; 0.012 mol) were added and set to stir for 2-4 hours. The solution was basified by aqueous 

Na2CO3 to maintain pH 8-9 during the whole reaction. The reaction was supervised by TLC till single spot. Cold 

distilled water was added and pH was turned to 4-5 by adding dilute HCl. The obtained precipitates were filtered, 

washed and dried for further use. 
 

Table-1:Different N-substituted aryl groups 

Compd. R Compd. R 

3a,7a-9a 
2 '

4 '

6 '

 

3b,7b-9b 
C

2 '
4 '

6 '

H 3 C

O
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Scheme-1: Protocol for the synthesis of sulfonamide derivatives of 1,3-Benzodioxol-5-amine (1). Reagents and conditions: (I) 

Aq. Na2CO3, stir 2-4 hr, pH = 9-10 (II) C2H5I (4), LiH, DMF, stir 3-5 hr(III) C6H5CH2Cl (5), LiH, DMF, stir 3-5 hr (IV) 4-

FC6H5CH2Cl (6), LiH, DMF, stir 3-5 hr. 
 

2.2.1 N-(1,3-Benzodioxol-5-yl)benzenesulfonamide (3a) 
Grey amorphous solid; Yield: 78%; M. P.: 143-144 

o
C; Mol. Formula: C13H11NO4S; Mol. Weight: 277; IR (KBr, cm

–

1
)υmax: 3028 (Ar C-H), 2906 (R C-H), 1596 (Ar C=C), 1430 (S=O), 1167 (C-O);

1
H-NMR (CDCl3, 400 MHz, δ/ppm): 

7.85 (d, J = 8.4 Hz, 2H, H-2', H-6'), 7.57 (t, J = 8.4 Hz, 1H, H-4'), 7.50 (t, J = 8.0 Hz, 2H, H-3', H-5'), 6.64 (d, J = 2.0 

Hz, 1H, H-2), 6.60 (d, J = 8.0 Hz, 1H, H-5), 6.38 (dd, J = 8.4, 2.4 Hz, 1H, H-6), 5.91 (s, 2H, H-7); EIMS (m/z): 277 

[M]
+
, 141 [C6H5SO2]

+
, 121 [C7H5O2]

+
, 77 [C6H5]

+
, 75 [C6H3]

+
, 51 [C4H3]

+
.  

2.2.2 N-(1,3-Benzodioxol-5-yl)-4-acetylbenzenesulfonamide (3b) 
Creamy white amorphous solid; Yield: 85%; M. P.: 133-135 

o
C; Mol. Formula: C15H13NO5S; Mol. Weight: 319; IR 

(KBr, cm
–1

)υmax: 3025 (Ar C-H), 2900 (R C- H), 1716 (Ketone C=O) 1566 (Ar C=C), 1460 (S=O), 1197 (C-O);
1
H-

NMR (CDCl3, 400 MHz, δ/ppm): 8.08 (d, J = 8.0 Hz, 2H, H-2', H-6'), 7.96 (d, J = 8.8 Hz, 2H, H-3', H-5'), 6.69 (d, J 

= 2.4 Hz, 1H, H-2), 6.63 (d, J = 8.8 Hz, 1H, H-5), 6.33 (dd, J = 8.8, 2.0 Hz, 1H, H-6), 5.94 (s, 2H, H-7), 2.62 (s, 3H, 

CH3CO-4'); EIMS (m/z): 319 [M]
+
, 183 [C8H7SO3]

+
, 121 [C7H5O2]

+
, 119 [C8H7O]

+
, 75 [C6H3]

+
, 51 [C4H3]

+
. 

 

2.3General procedure for synthesis of N-Alkyl/aralkyl-N-(1,3-benzodioxol-5-yl)arylsulfonamide(7a-bto 9a-b) 
The molecules3a-b(0.002mol) and lithium hydride (0.002 mol)were dissolved in 13 mLN,N-dimethyl formamide 

(DMF)in a 50 mL RB flaskbyone hour stirring. The electrophiles, alkyl/aralkyl halides (4-6; 0.002mol) were added to 

the reaction mixture and further stirred for 3-5hours. After single spot on TLC plate, ice cold distilled water was added 

with hand shaking and left for 15-20 min. The precipitated products,7a-bto9a-b, were filtered, washed with distilled 

water and dried for further analysis. 
 

2.3.1 N-Ethyl-N-(1,3-benzodioxol-5-yl)benzenesulfonamide (7a) 
Dark pink amorphous solid; Yield: 74%; M. P.: 77-78 

o
C; Mol. Formula: C15H15NO4S; Mol. Weight: 305; IR (KBr, 

cm
–1

)υmax: 3032 (Ar C-H), 2940 (R C-H), 1598 (Ar C=C), 1450 (S=O), 1157 (C-O);
1
H–NMR (CDCl3, 400 MHz, 

δ/ppm): 7.87 (d, J = 7.6 Hz, 2H, H-2', H-6'), 7.55 (t, J = 7.6 Hz, 1H, H-4'), 7.52 (t, J = 8.4 Hz, 2H, H-3', H-5'), 6.68 

(d, J = 2.4 Hz, 1H, H-2), 6.66 (d, J = 8.4 Hz, 1H, H-5), 6.35 (dd, J = 8.0, 2.4 Hz, 1H, H-6), 5.94 (s, 2H, H-7), 3.27 (q, 

J = 7.6 Hz, 2H, H-1''), 0.92 (t, J = 7.6 Hz, 3H, CH3-2''); EIMS (m/z): 305 [M]
+
, 141 [C6H5SO2]

+
, 121 [C7H5O2]

+
, 77 

[C6H5]
+
, 75 [C6H3]

+
, 51 [C4H3]

+
, 29 [C2H5].  
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Table 2: MIC values for antibacterial activity of N-Substituted sulfonamide derivatives 

Compound 
MIC 

B. subtilis (+) S. aureus (+) S. typhi (-) E. coli (-) P. aeruginosa  (-) 

3a 10.25±0.44 13.76±0.51 12.50±0.13 15.77±1.76 14.43±0.44 

3b 19.21±0.56 12.33±0.89 14.42±0.15 - 18.06±0.89 

7a 12.36±0.77 15.24±0.51 11.28±0.90 13.42±0.20 14.13±0.11 

7b 14.32±0.45 - 14.27±0.92 - 18.07±0.78 

8a - 17.17±0.14 12.08±0.54 - - 

8b 12.92±0.54 13.00±0.03 11.55±0.54 - - 

9a - - 17.63±0.45 - - 

9b 17.79±0.44 - 18.91±0.22 - - 

Ciprofloxacin 7.22±0.67 7.00±1.54 7.83±0.78 8.01±0.12 7.98±0.89 

 

2.3.2 N-Ethyl-N-(1,3-benzodioxol-5-yl)-4-acetylbenzenesulfonamide (7b) 
Light orange  amorphous solid; Yield: 78%; M. P.: 124-125 

o
C; Mol. Formula: C17H17NO5S; Mol. Weight: 347; IR 

(KBr, cm
–1

)υmax: 3026 (Ar C-H), 2910 (R C-H), 1717 (Ketone C=O), 1556 (Ar C=C), 1461 (S=O), 1198 (C-O);
1
H–

NMR (CDCl3, 400 MHz, δ/ppm): 8.04 (d, J = 8.0 Hz, 2H, H-2', H-6'), 7.92 (d, J = 7.6 Hz, 2H, H-3', H-5'), 6.61 (d, J 

= 2.4 Hz, 1H, H-2), 6.65 (d, J = 8.0 Hz, 1H, H-5), 6.30 (dd, J = 8.8, 2.4 Hz, 1H, H-6), 5.97 (s, 2H, H-7), 3.26 (q, J = 

7.6 Hz, 2H, H-1''), 2.64 (s, 3H, CH3CO-4'), 0.96 (t, J = 7.6 Hz, 3H, CH3-2''); EIMS (m/z): 347 [M]
+
, 183 [C8H7SO3]

+
, 

121 [C7H5O2]
+
, 119 [C8H7O]

+
, 75 [C6H3]

+
, 51 [C4H3]

+ 
, 29 [C2H5]

+
. 

 

2.3.3 N-Benzyl-N-(1,3-benzodioxol-5-yl)benzenesulfonamide (8a) 
Light pink amorphous solid; Yield: 85%; M. P.: 83-84 

o
C; Mol. Formula: C20H17NO4S; Mol. Weight: 367; IR (KBr, 

cm
–1

)υmax: 3038 (Ar C-H), 2936 (R C-H), 1586 (Ar C=C), 1440 (S=O), 1157 (C-O);
1
H-NMR (CDCl3, 400 MHz, 

δ/ppm): 7.88 (d, J = 7.6 Hz, 2H, H-2', H-6'), 7.52 (t, J = 8.0 Hz, 1H, H-4'), 7.52 (t, J = 8.4 Hz, 2H, H-3', H-5'), 7.17-

7.07 (m, 5H, H-2'' to H-6''), 6.68 (d, J = 2.4 Hz, 1H, H-2), 6.70 (d, J = 8.4 Hz, 1H, H-5), 6.48 (dd, J = 8.8, 2.4 Hz, 1H, 

H-6), 5.93 (s, 2H, H-7), 3.46 (s, 2H, H-7''); EIMS (m/z): 367 [M]
+
, 141 [C6H5SO2]

+
, 121 [C7H5O2]

+
, 91 [C7H7]

+
, 77 

[C6H5]
+
, 75 [C6H3]

+
, 51 [C4H3]

+
.  

 

2.3.4 N-Benzyl-N-(1,3-benzodioxol-5-yl)-4-acetylbenzenesulfonamide (8b) 
Creamy white amorphous solid; Yield: 85%; M. P.: 130-131 

o
C; Mol. Formula: C22H19NO5S; Mol. Weight: 409; IR 

(KBr, cm
–1

)υmax: 3029 (Ar C-H), 2910 (R C-H), 1717 (Ketone C=O), 1546 (Ar C=C), 1450 (S=O), 1196 (C-O);
1
H-

NMR (CDCl3, 400 MHz, δ/ppm): 8.01 (d, J = 8.4 Hz, 2H, H-2', H-6'), 7.89 (d, J = 8.4 Hz, 2H, H-3', H-5'), 7.16-7.06 

(m, 5H, H-2'' to H-6''), 6.64 (d, J = 2.8 Hz, 1H, H-2), 6.61 (d, J = 8.4 Hz, 1H, H-5), 6.32 (dd, J = 8.0, 2.4 Hz, 1H, H-

6), 5.95 (s, 2H, H-7), 3.44 (s, 2H, H-7''), 2.65 (s, 3H, CH3CO-4'); EIMS (m/z): 409 [M]
+
, 183 [C8H7SO3]

+
, 121 

[C7H5O2]
+
, 91 [C7H7]

+
, 119 [C8H7O]

+
, 75 [C6H3]

+
, 51 [C4H3]

+
. 

 

2.3.5 N-(4-Fluorobenzyl)-N-(1,3-benzodioxol-5-yl)benzenesulfonamide (9a) 
Dark pink amorphous solid; Yield: 82%; M. P.: 84-85 

o
C; Mol. Formula: C20H16FNO4S; Mol. Weight: 385; IR (KBr, 

cm
–1

)υmax: 3045 (Ar C-H), 2936 (R C-H), 1600 (Ar C=C), 1450 (S=O), 1177 (C-O), 1050 (C-F);
1
H-NMR (CDCl3, 400 

MHz, δ/ppm): 7.80 (d, J = 7.8 Hz, 2H, H-2', H-6'), 7.65 (d, J = 7.6 Hz, 2H, H-2'', H-6''), 7.60 (t, J = 8.0 Hz, 1H, H-4'), 

7.55 (t, J = 8.4 Hz, 2H, H-3', H-5'), 6.89 (d, J = 8.0 Hz, 2H, H-3'', H-5''), 6.72 (d, J = 2.4 Hz, 1H, H-2), 6.59 (d, J = 

8.8 Hz, 1H, H-5), 6.48 (dd, J = 8.8, 2.8 Hz, 1H, H-6), 5.97 (s, 2H, H-7), 3.95 (s, 2H, H-7''); EIMS (m/z): 385 [M]
+
, 

141 [C6H5SO2]
+
, 121 [C7H5O2]

+
, 110 [C7H7F]

+
, 77 [C6H5]

+
, 75 [C6H3]

+
, 51 [C4H3]

+
.  

 

2.3.6 N-(4-Fluorobenzyl)-N-(1,3-benzodioxol-5-yl)-4-acetylbenzenesulfonamide (9b) 
Light brown amorphous solid;Yield: 95%; M. P.: 133-135 

o
C; Mol. Formula: C22H18FNO5S; Mol. Weight: 427; IR 

(KBr, cm
–1

)υmax: 3015 (Ar C-H), 2920 (R C-H), 1718 (Ketone C=O), 1536 (Ar C=C), 1455 (S=O), 1167 (C-O), 1050 

(C-F);
1
H-NMR (CDCl3, 400 MHz, δ/ppm): 7.93 (d, J = 8.4 Hz, 2H, H-2', H-6'), 7.89 (d, J = 8.4 Hz, 2H, H-3', H-5'), 

7.71 (d, J = 7.6 Hz, 2H, H-2'', H-6''), 6.84 (d, J = 7.6 Hz, 2H, H-3'', H-5''), 6.69 (d, J = 2.8 Hz, 1H, H-2), 6.64 (d, J = 

8.8 Hz, 1H, H-5), 6.32 (dd, J = 8.8, 2.4 Hz, 1H, H-6), 5.98 (s, 2H, H-7), 3.95 (s, 2H, H-7''), 2.64 (s, 3H, CH3CO-4'); 

EIMS (m/z): 427 [M]
+
, 183 [C8H7SO3]

+
, 121 [C7H5O2]

+
, 110 [C7H7F]

+
, 119 [C8H7O]

+
, 75 [C6H3]

+
, 51 [C4H3]

+
. 

 

2.4Antibacterial activity 
The rule for antibacterial activity is thatthe microbial cell number depends on the logarithmof growth rate which 

depends on absorbance of broth medium.As the absorbance of the broth medium increases the logarithm of growth 

also increases.And as a result microbial cell number increases
13

. 
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2.5Statistical analysis  
All the calculations and measurements were done in triplicate and statistical analysiswas performed by Microsoft 

Excel 2010. Results are mean of triplicate (n=3, ± SEM). Reference standard taken was ciprofloxacin. Minimum 

inhibitory concentration (MIC) was computed with suitable dilutions (5-30 µg/well) for each sample and results were 

measured using EZ-Fit Perrella Scientific Inc. Amherst USA software. 

 

3. RESULTS AND DISCUSSION 
A comprehensive outline for the synthesis of a series of sulfonamides is given in Scheme 1 along with necessary 

conditions and reagents required. All the molecules were screened for the antibacterial activity against the bacterial 

strains of Gram-positive and Gram-negative bacteria taking ciprofloxacin as reference standard.     
 

3.1 Chemistry 
The synthesized molecule 3a showed the [M]

+
 peak at m/z 277 along with other significant  peaks at m/z 141 for 

benzenesulfonylcation, at m/z 121 for the 1,3-benzodioxol-5-yl cation and at m/z 77 for the phenyl cation in EIMS 

spectrum. The definite absorption bands obtained from IR spectrum supporting the major functionalities in the 

molecule were 3028 (Ar C-H), 2906 (R C-H), 1596 (Ar C=C), 1430 (S=O) and 1167 (C-O). The signals of  
1
H-

NMRresonated at δ 7.85 (d, J = 8.4 Hz, 2H, H-2', H-6'), 7.57 (t, J = 8.4 Hz, 1H, H-4'), 7.50 (t, J = 8.0 Hz, 2H, H-3', 

H-5') for the phenyl group attached to sulfur of sulfamoyl moiety while the signals confirming the 1,3-benzodioxol 

group appeared at δ 6.64 (d, J = 2.0 Hz, 1H, H-2), 6.60 (d, J = 8.0 Hz, 1H, H-5), 6.38 (dd, J = 8.4, 2.4 Hz, 1H, H-6) 

and 5.91 (s, 2H, H-7). All the spectral data obtained confirmed the molecular structure of 3a named, N-(1,3-

Benzodioxol-5-yl)benzenesulfonamide. By the same way, all the structures of prepared molecules were affirmed by 
1
H-NMR, IR and mass spectral data. 

 

3.2. Antibacterial activity (in vitro) 
Only two compounds, 9a and 8a were inactive against B. subtilis. The most active one against this strain was 3a with 

MIC of 10.25 ± 0.44 µmol/L relative to the reference. S. aureus was moderately inhibited by all the compounds except 

7b, 9a and 9b. The molecules, 3a and 7a showed inhibition against all the bacterial strains while 9a remained the least 

active showing MIC only against S. typhi. Among all the bacterial strains, S.typhi was inhibited by all the synthesized 

molecules. The molecules, 7a and 8b showed the best inhibition results with MIC of 11.28 ± 0.90 µmol/L and 11.55 ± 

0.54 µmol/L with reference of 7.83 ± 0.78 µmol/L, the MIC of ciprofloxacin. Against E. colionly 7a and 3a remained 

active with moderate MIC values relative to ciprofloxacin. Half of the synthesised compounds remained inactive and 

half were moderately active against P.aeruginosa. 
 

4. CONCLUSION 
The synthesized molecules were obtained inreasonable yields and were structurallycorroborated by spectral analysis. 

The antibacterial activity evaluation rendered them moderate inhibitors.  
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ABSTRACT 
Chicken feather is a poultry waste. With the recent development of waste management strategy viz; waste recycle, re-use and 

waste reduction etc., chicken feather has been put to various uses such as in the production of animal feed, organic fertilizer, 

biodegradable plastic and others. It has been mentioned in some text/resource that chicken feather can be used to mop oil spill. 

However, there is scarce literature on the mopping account of hydrocarbon oil by chicken feather. This led to the study. In this 

study the equilibrium adsorption capacity (qe) of diesel onto chicken feather, the amount of adsorbed diesel recovered from 

chicken feather and the amount of diesel retained by chicken feather was determined by simple kinetic studies and compared with 

that of a conventional synthetic sorbent used in mopping oil spill in the oil industry. This conventional synthetic sorbent served as 

standard. Both sorbents were compared under the same experimental condition and the experiment was carried out at room 

temperature 29
0
C. Linearized adsorption isotherms of Langmuir, Freundlich, Elovich, Temkin and Dubinin-Radushkevich were 

used to verify the adsorption process of both sorbents. The result of the study shows that the equilibrium adsorption capacity (qe) 

of diesel onto chicken feather is 11.04g/g, the time required to attain equilibrium adsorption is 80 minutes, while that of the 

standard is 10.20g/g at 60 minutes. This shows that chicken feather has a higher adsorption capacity. The best fitting isotherm for 

the adsorption process of both sorbents is the linearized form Ce/qe versus Ce of the Langmuir adsorption isotherm with 

coefficient of determination (r
2
) of 0.999 for both sorbents (chicken feather and standard). The validity of Langmuir model was 

check by calculating the average percentage error (APE %). The APE values obtained for chicken feather and standard are 0.0024 

and 0.005 respectively. The low APE values show that Langmuir model is valid in describing the experimental data. This 

indicates that, one molecule of diesel is adsorbed on a layer of ground chicken feather/synthetic and there is no interaction 

between the adsorbed molecules of diesel.The constants of Langmuir isotherm; maximum adsorption capacity (qm) and intensity 

of adsorption/affinity constant (b) for chicken feather are 11.49g/g and 1.00 while for the standard they are 10.20g/g and 1.00 

respectively. The b and qm values indicates that both sorbents have same affinity for diesel however, chicken feather has a larger 

surface area than standard and therefore adsorbs more diesel than standard. The favourable nature of the adsorption process of 

both sorbents was confirmed from the values of dimensionless separation factor equilibrium parameter KR .The KR values for both 

sorbents are 0.0022. The value shows that the adsorption process is favourable. About 10.00g/g and 8.00g/g of the adsorbed diesel 

can be recovered from ground chicken feather and conventional synthetic sorbent, while, 1g/g and2 g/g of the adsorbed diesel can 

be retained respectively. This make chicken feather a better sorbent when diesel recovery is required. To determine the mopping 

profile of diesel on water by chicken feather and synthetic sorbent, the experiment was repeated with mixture of dieselon water. 

The amount of water adsorbed together with diesel on water was negligible; 0.08dm
3
 adsorbed onto synthetic and 0.05 dm

3 

adsorbedonto chicken feather, which means that both sorbents can be used to mop diesel spill on land and water. The result of the 

study shows that chicken feather adsorbed more diesel per unit mass than the conventional synthetic sorbent used as standard in 

this study. Chicken feather is an efficient natural sorbent that can be used to mop diesel spill on land and water, and it is efficient 

for diesel recovery. 
 

Keywords: Chicken feather, Conventional synthetic sorbent mat, diesel, equilibrium adsorption capacity and adsorption isotherm. 

 
 

1. INTRODUCTION 
Poultry waste includes a mixture of faecal and urinary excreta (manure), bedding material or litter (e.g. wood shavings 

or straw), waste feed, dead birds, broken eggs packing material and feathers removed from poultry houses
1
. Chicken 

feather and all feathers are organic materials, mainly composed of 91% protein (keratin)
1-2

. They are converted to 

feather meal with usage as animal feed, organic fertilizers and feed supplements
1
. They are also used in making 

biodegradable plastic, technical textiles E.T.C. 

There are steps usually taken to clean-up an oil spill. The first is that effort is made to confine the floating oil, 

i.e. to ensure that it does not spread to other areas. In the confined state, it is then easier to pick up the oil. Oil can be 

removed from a spill site by means of skimmers, sorbents, gelling agents, dispersants, and microorganisms’ E.T.C. 

Sorbents are insoluble materials or mixture of materials used to recover liquids through the mechanism of absorption, 

or adsorption, or both. There are different types of sorbents; natural and synthetic sorbents: Synthetic sorbents include; 

polyurethane, polystyrene, polyester and urea formaldehyde E.T.C. Natural sorbents can be organic or inorganic. 

Examples of natural inorganic sorbents include; perlite, talc and vermiculite. Natural organic sorbents are saw dust, 

straw, bark, peat, corncob powder E.T.C
3
. 

The assessment or performance of sorbing materials often needs to be compared
4 
In order for the comparison 

of two or more sorbents to be fair, it must be done under the same experimental conditions. By performance of the 

sorbent is usually meant its uptake (q) of a sorbate. The sorbents can be compared by their respective maximum 
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equilibrium adsorption capacity qm values which are calculated. A good sorbent would feature a high sorption uptake 

capacity qm. Also desirable is a high affinity between the sorbent and sorbate. The amount of a sorbate adsorbed onto a 

sorbent can be obtained using kinetics and adsorption isotherm
5
. The kinetics experiment is done as a function of time. 

Then by plotting amount adsorbed against time a graph is produced from which the equilibrium adsorption capacity of 

the sorbent, equilibration time of the adsorption process and the rate of adsorption can be obtained. Adsorption 

isotherm is defined as a graphical representation showing the relationship between the amount adsorbed by a unit 

weight of adsorbent and the amount of adsorbate remaining in a test medium at equilibrium, and it shows the 

distribution of adsorbable solute between the liquid and solid phases at various equilibrium concentrations
4-6

. The 

three well-known isotherms are Freundlich, Langmuir and BET adsorption isotherms
7
. Adsorption process is usually 

described through adsorption isotherm. Usually, to obtain experimental data to be fitted into an adsorption model, 

different initial concentrations of the sorbate and/ or different mass of the sorbent is used during the experiment, so as 

to produce other values of equilibrium adsorption capacity (qe) and equilibrium concentration (Ce) at the end of the 

experiment
4
. 

The aim of this study is to determine the equilibration adsorption capacity (qe) of diesel onto chicken feather, 

the quantity of adsorbed diesel that can be recovered from chicken feather and the quantity of diesel retained by 

chicken feather, compare this values with that of a conventional synthetic sorbent mat (used as standard) determined 

under the same experimental condition, so as to assess its (chicken feather) efficiency in mopping diesel.  
 

2. MATERIALS AND METHOD 

2.1 Sampling area and sample collections 
The diesel used in this study was obtained from Total filling station located in Asaba, Delta State, Nigeria, while 

chicken feather was obtained from Hausa market located in Asaba, Delta state, Nigeria. Conventional synthetic 

sorbent mat used as standard in this study to compare the mopping efficiency of diesel by chicken feather was 

obtained from Shell Petroleum Development Company, Port Harcourt, Rivers State, Nigeria.  
 

2.2 Sample Preparation 
The chicken feather was thoroughly washed with detergent, rinsed severally with copious amount of water and sun-

dried for two weeks. The feather was ground using a mechanical blender into a fluffy form. The conventional 

synthetic sorbent which was in form of a matwas cut into smaller dimension.  
 

2.3 Analysis Of Sample 
The experiment of the adsorption of diesel onto chicken feather/synthetic sorbent mat was carried out in two stages. 

The first stage of the experiment involves kinetic study of the adsorption process to establish the exposure time 

necessary for the given sorbents to reach the equilibrium state (equilibration time of the adsorption process) and the 

equilibrium adsorption capacity (qe) of the adsorbent. In the second stage of the study performed at the equilibration 

time obtained from the kinetic study, five different initial concentrations of diesel were used in the experiment to 

determine the adsorption process of diesel onto ground chicken feather and synthetic sorbent mat. The experimental 

data; equilibrium adsorption capacity (qe) and the concentration of diesel at equilibrium (Ce) obtained were fitted into 

Freundlich, Langmuir, Elovich, Temkin and Dubinin-Radushkevich adsorption model to describe the adsorption 

process. 
 

2.3 Kinetic Study Of Adsorption Of Diesel Onto Ground Chicken Feather/Synthetic Sorbent Mat. 
One (1) dm

3
 of diesel whose weight had been predetermined was poured into a 2000ml beaker. The weight of the 

diesel was used as the initial concentration of diesel. Five (5) grams of chicken feather/synthetic sorbent was weighed 

and added into the diesel in the beaker. The sorbate – sorbent system was left for a contact time. The contact time used 

in this study are 10,20,30,40,50,60,70,80,90 and 100 minutes intervals. At the end of each contact time, the sorbate 

(diesel) was carefully (ensuring that no sorbent was decanted along with the sorbate) decanted into another pre-

weighed 2000ml beaker. The remaining content (sorbent and some sorbate) in the beaker was passed through 

Whatman filter paper 185 mm fitted onto a glass funnel. The glass funnel was inserted into the 2000ml beaker 

containing the previous decanted sorbate. At the end of the filtration, the weight of the 2000ml beaker containing the 

unadsorbed diesel (decanted and filtered oil) was weighed. The weight of the unadsorbed diesel was obtained by 

difference in weight. The weight of the unadsorbed diesel was used as the final concentration of diesel. 

The amount of diesel adsorbed onto a unit mass of chicken feather/synthetic sorbent was calculated from: 
 

q = Ci - Cf 

M 
Where q = the amount of diesel adsorbed onto a unit mass of chicken feather/synthetic sorbent, Ci = initial 

concentration of diesel in grams (g), Cf = final concentration of diesel in grams, M = mass of sorbent in grams (g). 

 

Or
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q = Initial weight of diesel – Final weight of diesel 

M 

At the end of the experiment, graph of amount of diesel adsorbed onto chicken feather/synthetic sorbent mat (q) at 

different contact time used in the study was plotted. From the graph, the equilibration time of the adsorption process 

and the equilibrium adsorption capacity (qe) of diesel were determined for both sorbents. 
 

2.4 Recovery of Diesel Adsorbed onto Chicken Feather/Synthetic Sorbent Mat 
Chicken feather/synthetic sorbent retained on the filter paper at each contact time was weighed and the weight noted. 

The filter paper was folded over the sorbents and subjected to pressing using a carver hydraulic press, Model M, serial 

No. 12000 – 137, operated at a pressure of 25 tonnes, for five minutes, at 28 
o
C. After pressing, the weight was noted 

and the weight of diesel recovered was determined by weight difference.  

The amount of diesel recovered per unit mass of the sorbents was determined from the expression: 
 

q = Initial weight – Final weight 

Mass of sorbent 
 

Average of three (3) determinations was made for the adsorption and recovery and the standard deviation calculated. 

The experiment was conducted at room temperature 29
o
C. 

The amount of diesel retained per unit mass of the sorbents was obtained from the expression: 

q = Quantity of diesel adsorbed per unit mass of sorbent – Quantity of diesel recovered per unit mass of sorbent. 
 

2.5 Verification of Adsorption Process of Diesel onto Chicken Feather/Synthetic Sorbent Using Adsorption 

Isotherm 
The adsorption of diesel onto chicken feather/synthetic sorbent mat, using five different initial concentrations of 

diesel; 0.5 dm
3
 (442g), 0.75 dm

3
 (651g), 1.00 dm

3
 (866g), 1.25 dm

3
 (1110g) and 1.5 dm

3
 (1320g) was determined at 

this stage, using the same procedure and experimental condition as above. The sorbate – sorbent system was left to 

contact for 80 minutes. Triplicate determination was conducted for each initial concentration, and the average taken. 

The experimental data (qe and Ce) obtained were fitted into Freundlich, Langmuir, Elovich, Temkin and Dubinin-

Radushkevich adsorption models. 
 

2.6 Determination Of Adsorption And Recovry Of Diesel On Water From Chicken Feather And Synthetic 

Sorbent Mat 
In order to determine the behavior and mopping ability of chicken feather and synthetic sorbent when diesel spill on 

water, the experiment was repeated using diesel on water.  Four (4) dm
3 

of water was poured into a pre-weighed 

transparent plastic bowl of 10 dm
3
 capacity and weighed. The weight of the water was obtained by difference in 

weight and recorded. Two dm
3
 of diesel whose initial weight had been predetermined was added into the water in the 

bowl. Diesel is immiscible with water; hence it floated on the water. Five grams of chicken feather/synthetic sorbent 

was weighed and added into the diesel on water. The sorbent – sorbate system was left for a contact time. The contact 

time was same as used in the kinetic study in above. 

It was observed that the chicken feather/synthetic sorbent remained in the diesel (organic) layer. At the end of 

each contact time, the diesel layer containing the chicken feather/synthetic sorbent was carefully decanted into another 

pre-weighed transparent bowl. The remaining sorbate (diesel) containing the sorbent, was carefully passed through a 

filter paper fitted onto a glass funnel which was placed inside the transparent bowl containing the previous decanted 

diesel. Small amount of diesel which formed the boundary layer between water and diesel were not separated from 

water during the filtration, because water will be lost. This (diesel) was carefully removed using syringe and added to 

the diesel in the transparent bowl.  

The separated diesel and water were weighed, and their weight obtained by difference. The experiment was 

conducted at room temperature 29
0
 C. Two determinations were performed for each contact time and the average and 

standard deviation calculated. The amount of diesel adsorbed onto a unit mass of the sorbents at each contact time was 

calculated, the graph plotted from which the equilibration time of the adsorption process and the equilibrium 

adsorption capacity (qe) were determined for both materials. 
 

2.7 Ftir Spectroscopic Analysis Of Conventional Synthetic Sorbent Mat 
The name and chemical composition of the synthetic sorbent was not disclosed by the oil company it was obtained 

from, therefore,the functional groups present in the sorbent were determined by FTIR spectroscopy. The FTIR 

analysis was carried out using SHIMADZU FTIR-8400S spectrophotometer with a NaCl cell. The sample was ground 

into fine powder and spread uniformly in between two NaCl based cells. The cells were fixed into the machine and an 

incident ray of light passed through it. The FTIR spectrophotometer was operated under the following conditions; 

interferometer: Michelson type with 30
0
 incident angle, dynamic alignment, sealed desiccated, optical system: single 

beam optics, beam splitter: germanium-coated HBr plate, light source: high brightness ceramic, detector: temperature 
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controlled high sensitivity detector (DLATGS detector) , S/N ratio: greater than 20,000: 1 (KRS-5 window), 4cm
-1

 , 1 

minute, 2200cm
-1

, P-P, wavenumber: 7,800cm
-1

-350cm
-1

 , resolution: 0.85, 1, 2, 4, 8, 16 cm
-1

 , mirror speed: 3 steps; 

2.8, 5, 9mm/sec, data sampling: He-Ne laser, sample compartment: W200mm x D230mm X H170mm, temperature: 

15-30
0
 , relative humidity: less than 70%. 

 

3. RESULTS AND DISCUSSION  
The kinetic study of the adsorption of diesel onto chicken feather and conventional synthetic sorbent mat show that 

chicken feather has a higher diesel uptake than conventional synthetic sorbent. The amount of diesel adsorbed onto 

chicken feather at equilibrium (qe) is 11.04g/g at an equilibration time of 80 minutes, while, that of standard 

(conventional synthetic sorbent) is 10.20 at an equilibration time of 60 minutes. Tables 1 and 2, and Figure 1 shows 

these values. 

 
Fig-1: Amount of diesel adsorbed onto chicken feather and synthetic sorbent mat per unit mass against time 

 
Fig-2 :Amount of diesel recovered from chicken feather and synthetic sorbent mat per unit mass against time. 

 

The experimental data obtained using five different initial concentrations of diesel to verify the adsorption process are 

shown on tables 3 and 4. The adsorption isotherms applied to the experimental data to describe the adsorption process 

are Freundlich, Langmuir, Elovich, Temkin and Dubinin-Radushkevich adsorption models. The Freundlich equation 

can be written as qe = KFCe
I/n

 (8). KF is a constant indicative of the relative adsorption capacity of the adsorbent (mg 
I-

(I/n)
 L 

I/n g-I
 and n is a constant indicative of the intensity of the adsorption. The Freundlich expression is an exponential 

equation and therefore, assumes that as the adsorbate concentration increases, the concentration of adsorbate on the 

adsorbent surface also increases. The Freundlich isotherm can be linearized by plotting Log qe  against Log Ce or lnqe 

against lnCe. The Langmuir equation may be written as qe = qmbCe 
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1 + bCe 

 

Where qe is the amount of solute adsorbed per unit weight of adsorbent at equilibrium (mg /g), Ce the equilibrium 

concentration of the solute in the bulk solution (mg L 
-1

), qmthe maximum adsorption capacity (mg/g), and b is the 

constant related to the energy of adsorption and temperature, and affinity between the sorbent and sorbate (4,9).  

 

The assumptions made in the derivation of the Langmuir model are that: adsorption is a reversible process, fixed 

number of adsorption sites, a fraction of the surface sites Ө is occupied by adsorbed molecules, and the fraction 1 – Ө 

is free, all sorption sites are uniform i.e. constant heat of adsorption, one sorbate molecule reacts with one active site, 

no interaction between sorbed species (4). The Langmuir isotherm relation is of a hyperbolic form, a plot of qe versus 

Ce produces a non linear graph.  It can be linearized to five different forms, out of which the forms 1/qe = 1/bqm 

1/ce+1/qm (plot 1/qevs.1/Ce) and Ce/qe= 1/qmCe+ 1/qmb (plot Ce/qevsCe) are the most frequently used by several 

researchers because of the minimized deviations from the fitted equation resulting in the best error distribution. 

Accordingly, a plot of Ce/qe against Ce produces a linear graph with slope = 1/ qm and intercept 1/ Kaqmand a plot of 1/ 

qeversus 1/Cegives a linear graph with slope =1/ Kaqm and intercept 1/ qm.. 
 

 

The equation defining the Elovich (10) model is based on a kinetic principle assuming that the adsorption sites 

increase exponentially with adsorption, which implies a multilayer adsorption. It is expressed by the equation:  
 

qe/qm = KECE exp (qe/qm) 
 

where KE is the Elovich equilibrium constant (L mg
-1

) and qm is the Elovich maximum adsorption capacity (mg
-1

). If 

the adsorption obeys Elovich equation, Elovich maximum adsorption capacity and Elovich constant can be calculated 

from the slopes and the intercepts of the linear plot  
 

ln (qe/Ce) versus qe. 

 

Table-1: Amount of Diesel Adsorbed onto Chicken Feather, Recovered from Chicken Feather and Retained by Chicken Feather. 

Amount of diesel adsorbed per 

unit mass (q) (g/g) 

Amount of diesel recovered 

per unit mass (g/g) 

Amount of diesel retained 

per unit mass (g/g) 

Contact time 

(Min) 

11.08 ±0.14 10.18 ±0. 21 0.90 10 

11.01 ±1.02 10.34 ±0.67 0.67 20 

11.15 ±0.71 10.52±0.64 0.63 30 

11.17 ±0.96 10.61 ±0.80 0.56 40 

11.18 ±0.27 10.43 ±0.42 0.75 50 

11.34 ±1.07 10.24 ±0.78 1.10 60 

11.13 ±0.32 10.83 ±1.08 0.30 70 

11.04 ±1.01 10.40±0.89 0.64 80 

11.08 ±0.91 10.21±0.56 0.87 90 

11.06 ±0.97 10.45±0.27 0.61 100 

Table-2: Amount of Diesel Adsorbed onto Synthetic Sorbent Mat, Recovered from Synthetic Sorbent Mat and Retained by 

Synthetic Sorbent Mat. 

Amount of diesel adsorbed 

per unit mass (q) (g/g) 

 

Amount of diesel recovered 

per unit mass (g/g) 

Amount of crude oil retained 

per unit mass (g/g) 

Contact time 

(Min) 

9.94 ±1.00 8.44 ±0. 57 1.50 10 

10.12 ±0.43 8.31 ±0.48 1.81 20 

10.25 ±0.90 8.35±0.83 1.90 30 

10.22 ±0.71 8.32 ±0.74 1.90 40 

10.24 ±0.56 8.68 ±0.85 1.56 50 

10.20 ±0.87 8.56 ±0.71 1.64 60 

10.24 ±0.94 8.52 ±0.92 1.72 70 

10.21 ±0.66 8.33±0.81 1.88 80 

10.29 ±0.69 8.55±0.60 1.74 90 

10.24 ±0.87 8.70±0.74 1.54 100 
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Fig-3: Amount of diesel retained by chicken feather and synthetic sorbent mat per unit mass against time 

 

Table-3: Experimental Data Obtained for the Adsorption of Diesel onto Chicken Feather 

Initial concentration(CO)  in 

volume (dm
3
) 

Initial concentration(CO)  in 

gram (g) 

Equilibrium concentration 

(Ce) (g) 

Equilibrium adsorption 

capacity (qe) (g/g) 

0.50 408 352.5 11.10 

0.75 615 558.8 11.24 

1.00 820 763.5 11.30 

1.25 1025 968.6 11.28 

1.50 1179.25 1179.25 11.15 
 

 
Fig-4: FTIR spectrum of synthetic sorbent mat. 

 

Table-4: Experimental Data Obtained for the Adsorption of Diesel onto Synthetic Sorbent Mat 

Initial concentration(CO)  in 

volume (dm
3
) 

Initial concentration(CO)  in 

gram (g) 

Equilibrium concentration 

(Ce) g 

Equilibrium adsorption 

capacity (qe) g/g 

0.50 408 356.5 10.30 

0.75 615 563.7 10.26 

1.00 820 768.75 10.25 

1.25 1025 974.10 10.18 

1.50 1235 1183.65 10.27 
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Fig-5: Amount of diesel on water adsorbed onto chicken feather and synthetic sorbent mat per unit mass against time. 
 

Table-5: Data for Plotting Langmuir, Freundlich, Elovich, Temkin and Dubinin-Radushkevich Adsorption Isotherms. 

 Ce (g) qe (g/g) 1/qe 1/Ce Ce/qe lnqe/Ce Log qe Log Ce lnqe lnCe 
RT ln 

(1+1/Ce 

Chicken 

feather 

352.50 

558.80 

763.50 

968.60 

1179.25 

11.10 

11.24 

11.30 

11.28 

11.15 

0.09 

0.09 

0.09 

0.09 

0.09 

0.0028 

0.0017 

0.0013 

0.00010 

0.0008 

31.75 

49.71 

67.56 

85.86 

105.76 

-3.47 

-3.91 

-4.26 

-4.50 

-4.66 

1.04 

1.05 

1.05 

1.05 

1.14 

2.54 

2.74 

2.88 

2.98 

3.07 

2.40 

2.41 

2.42 

2.42 

2.41 

5.86 

6.32 

6.63 

6.87 

7.07 

4.70 

3.96 

2.97 

2.22 

1.73 

Synthetic 

sorbent mat 

357.75 

565.75 

769.45 

975.50 

1186 

10.05 

9.85 

10.11 

9.90 

9.80 

0.09 

0.10 

0.09 

0.10 

0.10 

0.0027 

0.0017 

0.0012 

0.0010 

0.0008 

35.59 

57.43 

76.10 

98.53 

121.02 

-3.57 

-4.07 

-4.34 

-4.60 

-4.82 

1.00 

0.99 

1.00 

0.99 

0.99 

2.55 

2.75 

2.88 

2.98 

3.07 

2.30 

2.28 

2.31 

2.29 

2.28 

5.87 

6.33 

6.64 

6.88 

7.07 

6.44 

3.96 

2.72 

2.22 

1.73 
 

The Temkin (11) isotherm equation assumes that the heat of adsorption of all molecules in the layer decreases linearly 

with coverage due to adsorbent-adsorbent interactions, and that the adsorption is characterized by a uniform 

distribution of the binding energies, up to some maximum binding energy. Temkin model is given by  
 

qe = RT ln(ATCe) 

b 

qe= RT ln AT +(RT/b)lnCe 

b 

B= RT/bT 

qe= BlnAT+ BlnCe 

 

where AT = Temkin isotherm equilibrium binding constant (L/q) 

bT = Temkin isotherm constant 

R = universal gas constant (8.314J/mol) 

T = Temperature at 298k 

B= Constant related to heat of sorption(J/mol) 

From the linear plot qe against lnCe the constants can be determined from the slope and intercept. 

The Dubinin-Radushkevich isotherm estimates the characteristics porosity of the sorbent and apparent energy of 

adsorption
12

. The model is represented as: 

qe= qDexp (-BD[RT ln(1+1/Ce)]
2 

 

Where, BD is related to the free energy of sorption per mole of the sorbate as it migrates to the surface of the adsorbent 

from infinite distance in the solution and qD is the Dubinin-Radushkevich isotherm constant related to the degree of 

sorbate sorption by the sorbent surface.  

The linear form of equation is given as: 

lnqe = lnqD – 2BDRTln(1+1/Ce) 
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The plot of lnqe against RT ln (1+Ce) yields straight line. The values of qD and BD can be calculated from the intercept 

and slope. Table 5 shows the values used to plot the adsorption models. Table-7 shows that the linearized form Ce /qe 

versus Ceof the Langmuir adsorption isotherm produced the best fitted isotherm for the adsorption of diesel onto 

chicken feather and synthetic sorbent. This shows that the adsorption obeys the Langmuir model. This implies that the 

interaction of both sorbents with diesel is monolayer adsorption, that is, one sorbate molecule is adsorbed on a layer of 

adsorbent. There is no interaction between adsorbed molecules.  
 

 
Fig-6: Amount of diesel on water recovered from chicken feather and synthetic sorbent mat per unit mass against time. 

 

Sorbents can be compared by their respective maximum adsorption capacity qm and b values obtained from the 

Langmuir equation (4). The maximum adsorption capacity qmis obtained from the isotherm model while qe is the 

equilibrium adsorption capacity obtained from experiment (8). qmcan be interpreted as the total number of binding 

sites that are available for sorption, and qeas the number of binding sites that are in fact occupied by the sorbate at the 

concentration Ce(4). The constant b and qm are obtained from the slope and interception of the plot and are presented 

in Table 6. The b values for both chicken feather and synthetic sorbent are 1.00. This implies that both sorbents have 

same affinity for diesel. The qm value of 11.49g/g for chicken feather is higher than that of synthetic sorbent, 10.20g/g. 

This indicates that chicken feather has more total number of binding sites than the synthetic sorbent, which implies 

that, chicken feather has a larger surface area and higher diesel uptake than the synthetic sorbent. The qm shows that 

chicken feather is a better sorbent than the conventional synthetic sorbent mat.  
 

Table-6: Parameters of Langmuir Isotherm for the Adsorption of Crude Oil onto Chicken Feather and Synthetic Sorbent Mat 

Isotherm Ground chicken feather Synthetic sorbent mat 

Langmuir (Ce /qe  versus Ce) 

b (L g
-1

) 

qm(g g
-1

) 

r
2 

APE (%) 

KR 

 

 

1.00 

11.49 

0.999 

0.024 

0.0022 

 

1.00 

10.20 

0.999 

0.005 

0.0022 

 

The coefficient of determination r
2
 between the experimental data and isotherms was determined using solver add-in 

with Microsoft’s spreadsheet, Microsoft Excel
13-14

. The results are presented in Table 6 and 7. The r
2
 value shows 

good correlation between experimental data and the linearized form Ce/qe versus Ce of the Langmuir isotherm. This 

indicates that the adsorption process follows the Langmuir isotherm. 
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Fig-7: Amount of diesel on water retained by chicken feather and synthetic sorbent mat per unit mass against time. 

 

Table-7: Coefficient of Determination (r
2
) Values of Adsorption Isotherms Used in Verification of Adsorption Process of Crude 

Oil onto Chicken Feather and Synthetic Sorbent. 

Isotherm Ground chicken feather Synthetic sorbent mat 

Langmuir (Ce /qe  versus Ce) 

r
2
 

Langmuir 1/qe versus 1/Ce 

r
2 

Freundlich 

Log qe versus Log Ce 

r
2
 

Freundlichlnqe versus 

lnCe 

r
2
 

Elovich 

lnqe/Ce versus qe 

r
2
 

Temkin 

qe versus lnCe 

r
2
 

Dubinin-Radushkevich 

lnqe versus RTln(1+1/Ce 

r
2
 

 

 

0.999 

 

2E-15 

 

 

0.026 

 

 

0.467 

 

 

0.187 

 

 

0.169 

 

 

0.412 

 

0.999 

 

0.319 

 

 

0.344 

 

 

0.065 

 

 

0.284 

 

 

0.106 

 

 

0.079 

 

In order to check the validity of the Langmuir model, it is interesting and essential to recalculate the adsorbed amounts 

using the equilibrium concentration values and Langmuir parameter qm.to obtain the average percentage errors (APE) 

according to the equation:  
 

APE (%) = Σ
N

i =1(qe),exp – (qe),cal / (qe)       x  100 

N 

The low value of APE obtained for chicken feather and synthetic sorbent (table 6) shows that the Langmuir model can 

describe the equilibrium data. 

The favorable nature of adsorption can be expressed in terms of dimensionless separation factor equilibrium 

parameter of Hall et al
15

 which is defined by the following relationship, KR = 1/1 + KaCo, where KR is a dimensionless 

separation factor, Co is initial concentration (mg L
-1

) and Ka is Langmuir constant (L mg
-1

). The values of KR indicates 

the type of isotherm to be irreversible (KR = 0), favourable (0<KR<), linear (KR = 1) or unfavourable (KR>). The 

dimensionless separation factors calculated for chicken feather and synthetic sorbent are 0.0022. KR values were less 

than 1 and greater than zero indicating favourable adsorption. 

The quality of sorbent material is judged not only according to how much sorbate it can attract, but also on how much 

sorbate it can retain (4). Tables 1 and 2 shows the amount of diesel recovered and retained by chicken feather and 

synthetic sorbent, the result shows that the synthetic sorbent mat retains more of the adsorbed diesel than chicken 

feather. In the light of this, chicken feather with a higher diesel uptake is better than the synthetic sorbent mat, 
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however, in terms of retainability, the synthetic sorbent mat is better. Tables 1 and 2 and Figure 2 shows that, 

substantial amount of the adsorbed/absorbed diesel; about 10.00g and 8.00g was recovered from both chicken feather 

and the synthetic sorbent respectively, but more of diesel was recovered from chicken feather. Since much diesel was 

recovered from both sorbents, it means that the sorbate are attracted and held to the sorbent surfaces, including 

internal fibre walls by physical bonds that becomes easily broken on pressing.  

Figure 4 shows the FTIR spectrum of the synthetic sorbent. The prominent peaks are 829.42 cm
-1

 (s)  C-H of alkene, 

983.73 cm
-1

 (s)  C-H of alkene, 1159.26 cm
-1

 , (s) C-C of alkane, 1369.50 cm
-1

 (s) C-H of alkane , 1453.41 cm
-
1(s) C-

H of alkane, 2925.15 cm
-1

(s) C-H of alkane . These suggest that the synthetic sorbent mat is a polyhydrocarbon.  
 

 

Chicken feather and all feathers are mainly composed of 91% protein (keratin) (1). Keratins are long chains of amino 

acids. Based on the side chain of an amino acid, it can be classified as hydrophobic, polar or charged . The side chains 

of the hydrophobic amino acids are nonpolar; mainly hydrocarbon. The polar amino acids side chains are 

hydrocarbons containing atom(s) that can form hydrogen bond. The side chain of the charged amino acids contains 

hydrocarbons carrying negative or positive charges
16

. Sorption results from a variety of different types of attractive 

forces between the sorbate and sorbent
17-18

. Organic sorbates chemically bond to the sorbent, if the sorbate and sorbent 

have mutually reactive moieties. Also, the extent of intermolecular attraction depends on molecular chain length and 

on surface area.  

 

The synthetic sorbent mat and diesel are composed mainly of hydrocarbons, in order words they have mutual reactive 

moieties, attracting each other by Van der Waal forces, London forces and other dispersion forces. This explains why 

the much diesel adsorption/absorption by the synthetic sorbent. The amino acid content of feather is highly 

hydrophobic; containing side chains that are mainly hydrocarbon
19

. This hydrocarbon side chains accounts for the 

intermolecular bonds formed between chicken feather and diesel, leading to the sorption of the diesel on feather. Also, 

the β conformation of feather makes it have large surface area, a look under a microscope shows that there are lot of 

empty space in quill, shaft, rami and barbules of feather
20

. The large surface area makes it possible for the trapping, 

entanglement and occlusion of diesel within the feather void.  

 

Table-8: Amount of Diesel on Water Adsorbed onto Chicken Feather, Recovered from Chicken Feather and Retained by 

Chicken Feather 

Amount of diesel on water 

adsorbed per unit mass (q) 

(g/g) 

 

Amount of diesel on water 

recovered per unit mass (g/g) 

Amount of diesel on water 

retained per unit mass (g/g) 

Contact time 

(Min) 

10.68 ±0.20 9.70 ±0. 88 0.98 10 

10.92 ±0.57 9.84 ±0.90 1.08 20 

10.96 ±0.77 9.90±0.45 1.06 30 

10.62 ±0.64 9.72 ±1.07 0.90 40 

10.81 ±1.11 9.83 ±1.00 0.98 50 

10.96 ±0.85 9.97 ±0.94 0.99 60 

10.63±1.09 9.75 ±079 0.88 70 

10.54 ±0.91 9.70±0.47 0.84 80 

10.91 ±0.78 9.93±0.91 0.98 90 

10.78 ±1.00 9.84±1.10 0.94 100 

Table-9: Amount of Diesel on Water Adsorbed onto Synthetic Sorbent mat, Recovered from Chicken Feather and Retained by 

Chicken Feather. 

Amount of diesel on water 

adsorbed per unit mass (q) (g/g) 

 

Amount of diesel on water 

recovered per unit mass (g/g) 

Amount of diesel on water 

retained per unit mass (g/g) 

Contact time 

(Min) 

9.92 ±0.72 8.46 ±0. 94 1.46 10 

9.98±0.29 8.51 ±0.81 1.47 20 

10.00 ±0.63 8.46±0.80 1.54 30 

9.98 ±0.48 8.71 ±0.72 1.27 40 

9.91 ±0.74 8.34 ±1.12 1.57 50 

10.10 ±1.00 8.67 ±1.01 1.43 60 

9.76 ±0.67 8.66±1.00 1.10 70 

9.89 ±0.90 8.54±0.97 1.35 80 

10.02 ±0.93 8.68±1.06 1.34 90 

9.74 ±1.04 8.43±1.00 1.31 100 
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Another quality attributed to an ideal sorbent is that it should be oleophilic (oil attracting) and hydrophobic (water 

repelling)
21

.Tables 8 and 9 shows that the amount of diesel on water adsorbed, recovered and retained by chicken 

feather and synthetic sorbent mat compares closely with that obtained with the experiment involving diesel only. 

During the experiment, the difference in volume between the initial volume of water added to transparent bowl, and 

final volume of water after experiment are 0.08 dm
3
 and 0.05 dm

3
 for synthetic sorbent and ground chicken feather 

respectively. This suggests the amount of water sorbed by both sorbents is negligible. This is not surprising because 

the amino acid content of feather is hydrophobic
1-19

. The synthetic sorbent mat been a polyhydrocarbon is also 

hydrophobic. Therefore both sorbents can be conveniently used in mopping diesel on water. 
 

4. CONCLUSION 

The equilibrium adsorption capacity (qe) of diesel onto chicken feather is 11.04g/g, the time required to attain 

equilibrium adsorption is 80 minutes, while that of the standard is 10.20g/g at 60 minutes. This shows that chicken 

feather has a higher adsorption capacity. The best fitting isotherm for the adsorption process of both sorbents is the 

linearized form Ce/qe versus Ce of the Langmuir adsorption isotherm with coefficient of determination (r
2
) of 0.999 

for both sorbents (chicken feather and standard). The low APE values show that Langmuir model is valid in describing 

the experimental data. This indicates that, one molecule of diesel is adsorbed on a layer of chicken feather/synthetic 

and there is no interaction between the adsorbed molecules of diesel. The constants of Langmuir isotherm; maximum 

adsorption capacity (qm) and intensity of adsorption/affinity constant (b) indicate that both sorbents have same affinity 

for diesel however, chicken feather has a larger surface area than standard and therefore adsorbs more diesel than 

standard. The KR value for chicken feather and synthetic sorbent shows that the adsorption process is favourable. 

About 10.00g/g and 8.00g/g of the adsorbed oil can be recovered from ground chicken feather and conventional 

synthetic sorbent, while, 1g/g and 2 g/g of the adsorbed oil can be retained respectively. This make chicken feather a 

better sorbent when diesel oil recovery is required. The amount of water adsorbed together with diesel on water was 

negligible, which means that both sorbents can be used to mop diesel spill on land and water. The result of the study 

shows that chicken feather adsorbed more diesel per unit mass than the conventional synthetic sorbent used as 

standard in this study. Chicken feather is an efficient natural sorbent that can be used to mop diesel spill on land and 

water. 
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ABSTRACT 
Studies have shown that potassium bromate KBrO3 an oxidizing agent used in bread-making process is a possible human 

carcinogen. For this reason, it has been banned by some countries including Nigeria, while other countries such as United State of 

America set permissible limit for its use in flour, bread and other bakery products. Bread is commonly eaten by all socioeconomic 

class in Nigeria. Due to the adverse health effect of consumption of potassium bromate by humans, it became necessary to 

investigate its usage in bread making process in the area of study; Asaba, Delta State, Nigeria. Twenty brands of bread sample 

were obtained from the area of study and analyzed for the presence and concentration of potassium bromate using David Pearson 

1976 method. Five brands of bread sample amongst the twenty brands of bread sample tested positive to the presence of 
potassium bromate. The quantity of potassium bromate present in the five brands of bread sample was determined using 

spectrophotometer (spectrum Lab 21A) at 620nm. The result showed that the samples contained 3.8µg/g, 1.4µg/g, 5.1µg/g, 

1.7µg/g and 3.7µg/g of potassium bromate. These results are above the permissible limit allowed for potassium bromate in flour, 

bread and other bakery products by US Food and Drug Agency (FDA)) and contravenes the non usage of potassium bromate in 

bread making in Nigeria, stipulated by the National Agency for Food and Drug Administration Control (NAFDAC) of Nigeria. 

The result of the study shows that the five brands of bread sample are unsafe for consumption.  

 
1. INTRODUCTION 
Bread is a staple food prepared from dough of flour and water, usually by baking. It is commonly eaten in Nigeria by 

all socioeconomic class of people. The process of bread making involves mixing low protein wheat flour with other 

ingredients such as salt, sugars, yeast, flavours and flour improver (oxidizer). Wheat flour used for bread production 
contains about 12% protein (1). The start of the bread making process, involves mixing flour with water. The proteins 

in flour hydrate to form gluten, a viscoelastic matrix holding the starch granules that constitute the bulk of flour (1). 

Gluten is not a single molecular protein species but a mixture of water-insoluble proteins falling into two broad 

classes, the gliadins and the glutenins (2, 3). Bubbles of carbon dioxide (CO2) form as yeast ferment the sugars 
liberated from hydrated starch granules by the flour’s natural complement of amylase enzymes. Mechanical work as a 

result of mixing stretches the gluten into sheets that trap the CO2. This makes the gluten network to expand and leaves 

an open cellular structure with the gas trapped in pockets. This gives the bread loaf volume. 
The major challenge in both flour milling industry and bakeries is the baking quality of flour, which is determined by 

the capacity of the dough prepared from it to retain gas (4). As a result, various conditioning agents (flour/bread 

improvers) such as Azodicarbonamide, potassium iodate, potassium bromate, ascorbic acid e.t.c. are added for 

strength during mixing, extensibility for molding and also to increase loaf volume. These oxidizing agents promote 
disulphide bond formation. 

The use of potassium bromate has been a common choice among flour millers and bakers throughout the 

world because it is cheap and probably the most efficient oxiding agent(4). It acts as a maturing agent and dough 
conditioner by oxidizing the sulfhydryl groups of the gluten protein in flour into disulphide bridges making it less 

extensible and more elastic, this will make the dough viscoelastic such that it can retain the carbon dioxide gas 

produced by the yeast (5). The overall effect is to make bread rise in the oven, increase loaf volume and texture (6). 
The international agency for research on cancer (IARC) has classified potassium bromate KBrO3 as a 2 B (possible 

human) carcinogen based on sufficient evidence that KBrO3 induces cancer in experimental animals (7, 8). This has 

led to the ban of potassium bromate in flour, bread and other bakery products by some countries including the United 

Kingdom in 1990 and Canada in 1994  (1), while some other countries set permissible limit. The Joint Food and 
Agricultural Organization (FAO)/World Health Organization Expect Committee on Food Additives (JECFA) has 

temporarily recommened a maximum level of 75 ppm (75µg/g) of KBrO3 for treating flour, provided that baking 

products prepared from such treated flour contain negligible residues of  KBrO3 (9). The maximum concentration of 
potassium bromate allowed in bread by the US Food and Drug Agency (FDA) is 0.02µg/g (0.02mg/kg) (10). 

Nutritionally, potassium bromate degrades vitamins A2, B1, B2, E and niacin which are main vitamins 

available in bread (11). In humans, potassium bromate can cause abdominal pain, diarrhea, nausea, vomiting, kidney 
failure, hearing loss, bronchial and ocular problems when ingested (12). Due to the adverse health effect associated 
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with consumption of potassium bromate, the agency responsible for the regulation of food and drug substances in 

Nigeria, the National Agency for Food and Drug Administration Control (NAFDAC) in 2002 banned the use of 

potassium bromate in baking of bread and other bakery products (13). 
This study aims at assessing the safety of bread sold in the area of study; Asaba, Delta State, Nigeria, and compliance 

of the non usage of potassium bromate in bread making by bakers in the area of study. 
 

2. EXPERIMENTAL 
2.1 Sampling Area and Sample Collections 
Twenty brands of bread samples were purchased from retail outlets in Asaba, Delta State, Nigeria located 6

0
 11

l 
0” 

North, 6
0
 45

 l 
0” East. 

 

2.2 Sample Preparation and Analysis 
10g of each bread sample was taken from its centre and dried in an oven for an hour at 60

0
C. The crust was ground to 

a fine powder with a pre-cleaned ceramic mortar and pestle. 5g of each powdered sample was weighed into a pre-

cleaned petri dish and properly labeled. Equal volume; 1 ml of 2M HCl (sigma chemical Co.St Loius USA) and 1% 
KI (BDH, England) were accurately measured and evenly distributed over the samples inside the petri dish until all 

particles were wet. Presence of black specks or purple spots indicated the presence of potassium bromate (Cunniff, 

1995) and (Pearson, 1976) (13, 14). 
The concentration of potassium bromate in the samples was determined using spectrophotometric method of 

Pearson, 1976. 5g of each powdered bread sample was weighed into well labeled 100ml conical flask. 50 ml of 

distilled water was measured and transferred into each conical flask and left to stand for 45 minutes. At the end of 45 
minutes, the content of each flask was decanted into well labeled beakers and 5ml of each extract was measured into a 

test tube and labeled. 5ml of freshly prepared 1% KI in 2M HCl was measured and added in each test tube. The 

presence of potassium bromate was indicated by change in colour from light yellow to purple (Pearson, 1976). Each 

test tube was diluted to 50 ml with distilled water, properly mixed and poured into cuvette and analyzed at 620nm 
using spectrophotometer (Spectrum Lab 21A). Concentration of potassium bromate in the samples was obtained from 

the calibration curve previously constructed for potassium bromate using the pure sample (Sigma Chemical Co. St 

Louis, USA). The accuracy of the instrumental method and analytical procedure and the precision of the results of the 
samples were checked by performing the measurements in triplicate, therefore the values presented are mean of three 

replicate determinations. 
 

3. RESULTS AND DISCUSSION 
Result of the analyzes carried out is shown on table 1 and 2. Five brands of bread samples out of the twenty brands of 

bread samples used in this study showed positive result to the presence of potassium bromate. The five bread samples 

showed visible colour change while the remaining fifteen did not. It is possible that the remaining fifteen bread 

samples do not contain potassium bromated or might be present below the detection limit.  
 

Table-1: Qualitative determination of potassium bromate in some brands of bread sold in Asaba. 

Bread samples Colour change 

A No visible colour change 

B No visible colour change 

C Light purple 

D No visible colour change 

E No visible colour change 

F No visible colour change 

G Light purple 

H No visible colour change 

I No visible colour change 

J No visible colour change 

K No visible colour change 

L Light purple 

M No visible colour change 

N Light purple 

O No visible colour change 

P No visible colour change 

Q Light purple 

R No visible colour change 

S No visible colour change 

T No visible colour change 

Letter A to T represents the code for different brands of bread sample analyzed. 
 

94



Kelle et al, 2015 

 
The amount of potassium bromate found in the five brands of bread samples are above the permissible limit allowed in 

bread samples by US Food and Drug Administration (FDA). Moreover, the regulatory agency responsible for food 

and drug administration control in Nigeria; National Agency for Food and Drug Administration Control (NAFDAC), 
in 2002 banned the use of potassium bromate in flour, bread making and other bakery products.  Therefore, these 

make the brands of bread samples identified with potassium bromate in this study unsafe for consumption. 
 

Table 2: Quantitative determination of potassium bromate in some brands of bread sold in Asaba. 

Bread sample KbrO3 Content (µg/g) Colour change 

C 3.8 ± 0.78 Light purple 

G 1.4 ± 0.64 Light purple 

L 5.1 ± 0.22 Light purple 

N 1.7 ± 0.42 Light purple 

Q 3.7 ± 0.25 Light purple 

Values represent mean ± SD of 3 replicate determinations 
 

4. CONCLUSION  
The result of this study shows that the five brands of bread sample identified with potassium bromate are unsafe for 

consumption. It shows also that some bakers do not comply with the non usage of potassium bromate in bread making 

and probably other bakery products in Nigeria. The regulatory agency NAFDAC needs to intensify efforts to ensure 
that bakers comply with non usage of potassium bromate in bread making and other bakery products in Nigeria. 
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