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Isolation and Partial Characterization of the Most Bioactive 
Metabolite from the Hexane Extract of the Aerial Part of 
Hydrocotyle Verticillata (WHORLED MARSHPENNYWORTH) 

By Nathalie L. Daminar & Lydia M. Bajo 
Caraga State University - Cabadbaran Campus 

Abstract - Several of thousands of bioactive compounds have been mined from the natural product 
resources both from the marine and terrestrial environment all over the world. Natural product has proved 
potentiality of many plants for diverse clinical conditions. Many plants were found to contain compounds, 
the bioactive components which are used in natural medicine. In this study, the plant of interest is 
Hydrocotyle verticillata, mistakenly identified to be “Gotu ko la” (Centella asiatica) by local folks of Iligan 
City and Butuan City, Philippines. The natural components of the aerial part of H. verticillata were 
extracted using solvent extraction. The crude ethanolic extract of the aerial part of Hydrocotyle verticillata 
was further subjected to solvent partitioning according to increasing polarity: n-hexane, ethyl acetate 
(EtOAc), dichloromethane (DCM) and water. Bioassays like Brine Shrimp Lethality Test was then 
conducted to test which of the extracts consist of bioactive components. Among the four partitioned 
solvent extracts, result showed that n – hexane extract showed to be the most bioactive since it has the 
lowest LC50 .  

GJSFR-B Classification : FOR Code : 110101 

Isolation and Partial Characterization of the Most Bioactive Metabolite from the Hexane Extract of the Aerial Part of Hydrocotyle 
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I. Introduction 
edicinal plants are regularly used to treat 
ailments because of minimal side effect and 
cost effectiveness. The potential for developing 

antimicrobial, high toxicity property from higher plants 
appears rewarding as it may lead to the development of 
phytomedicine. Hence, there is a worldwide interest to 
isolate biologically active compounds from higher plant 
species that are possible sources of medicine. The 
bioactive components of these plants are great sources 
for new therapeutic agents. These therapeutic agents 
are of great importance nowadays because these pose 
new hope for disease prevention.   
                                                  

 
Figure 1 :  Hydrocotyle verticillata plant shows its (b) 

flower and (c) roots 
The plant of interest in this study is the 

Hydrocotyle verticillata  (Figure 1)  which has been 
mistakenly identified to be “Gotu kola” (Centella 
asiatica) by local folks of Iligan City and Butuan City. Hydrocotyle verticillata is one of the 100 species of genus hydrocotyle.1 This is a flowering plant found in 
South and North America, West Indies and 
Bangladesh.2 People claim that H. verticillata can 
effectively treat inflammation, anemia, asthma, blood 
disorders, bronchitis, fever, urinary discharge and 
splenomegaly associated to C. asiatica.3 

Toxicity test using Brine Shrimp Lethality Test 
was performed to obtain the bioactive components of 
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Abstract - Several of thousands of bioactive compounds have 
been mined from the natural product resources both from the 
marine and terrestrial environment all over the world. Natural 
product has proved potentiality of many plants for diverse 
clinical conditions. Many plants were found to contain 
compounds, the bioactive components which are used in 
natural medicine. In this study, the plant of interest is 
Hydrocotyle verticillata, mistakenly identified to be “Gotu ko la”
(Centella asiatica) by local folks of Iligan City and Butuan City, 
Philippines.  The natural components of the aerial part of H. 
verticillata were extracted using solvent extraction. The crude 
ethanolic extract of the aerial part of Hydrocotyle verticillata
was further subjected to solvent partitioning according to 
increasing polarity: n-hexane, ethyl acetate (EtOAc), 
dichloromethane (DCM) and water. Bioassays like Brine 
Shrimp Lethality Test was then conducted to test which of the 
extracts consist of bioactive components. Among the four 
partitioned solvent extracts, result showed that n – hexane 
extract showed to be the most bioactive since it has the lowest 
LC50 .

Fractionation and purification of the hexane extract 
was done through series of Gravity Column Chromatography 
(GCC). Four isolates (HF5B1, HF5B2, HF5B3 and HF5B4) 
were obtained. Analysis using High Performance Liquid 
Chromatography (normal phase HPLC) showed three of the 
isolates (HF5B2, HF5B3 and HF5B4) to have similar profile, 
two peaks of closely similar retention time. HF5B2 was further 
purified in  HPLC and yielded a subfraction HF5B2a with a 
single sharp peak on the HPLC chromatogram and with a 
retention time of 8.135 min. 

This subfraction was partially characterized using 
Perkin Elmer FTIR Spectrometer. The spectrum showed peaks 
for the following functional groups: NH, C=O, C-C(O)-C, and 
CN stretch (aliphatic amine). Considering the presence of 
these functional groups particularly the amine, the isolated 
metabolite HF5B2A from hexane extract could be an alkaloid 
derivative. Alkaloids containing basic nitrogenic compounds 
were known as DNA binders.

Author α : Caraga State University- Cabadbaran Campus, T. Curato 
St., Cabadbaran City, Phlippines.
E-mail : nathalie_damin   ar@yahoo.Com
Author σ : Department of Chemistry, Mindanao State University-Iligan 
Institute of Technology, Iligan City, philppinces.  

http://en.wikipedia.org/wiki/Flowering_plant�


this plant, H. verticillata which is great source for new 
therapeutic agents. To isolate the most bioactive 
metabolite different chromatographic techniques were 
used in this study such as gravity column 
chromatography (GCC), thin-layer chromatography 
(TLC), and high performance liquid chromatography 
(HPLC). The most pure isolate then was partially 
characterized using the Perkin Elmer Fourier Transform 
Infrared Spectrometer. 

a) Objective of the Study
The primary aim of this study is to isolate the 

bioactive metabolites from the plant sample Hydrocotyle 
verticillata and conduct phytochemical screening on the 
most bioactive extract. 

This attempts to achieve the following specific 
objectives: 
1.  to extract the bioactive components possibly 

present in the aerial part of the plant sample H. 
verticillata using hexane, ethyl acetate, 
dichloromethane and distilled water; 

2. to determine cytotoxicity of the sample using brine 
shrimp lethality test on the extracts; 

3. to further fractionate the most bioactive crude 
extract of the plant sam H. verticillata by Thin Layer 
Chromatography (TLC), Gravity Column Chromato- 
graphy (GCC), High Performance Chromatography 
(HPLC); 

4. to partially characterize the  purified extract by 
Fourier Transform Infrared (FTIR) Spectroscopy  

II. Materials and Methods 

a)  Chemicals and Reagents  
The chemicals used in this study were: 95% 

ethanol (EtOH), hexane (Hex), ethyl acetate (EtOAc), 
dichloromethane (DCM), methanol (MeOH), chloroform 
(CHCl3). All chemicals were purchased locally and 
signed out from Chemistry stockroom of Mindanao 
State University – Iligan Institute of Technology (MSU-
IIT), Philippines. 

b) Test Organisms 
The brine shrimp, Artemia salina Leach were 

used as test organism in Brine Shrimp Lethality Test 
(BSLT). These test organisms were purchased as eggs 
in the local pet shop. 

c) Plant Material 
Fresh samples of aerial part of Hydrocotyle 

verticillata were collected by hand from a local area of 
Iligan City, Philippines. The samples were washed with 
water several times to remove dirt and other 
contaminants. These aerial parts were then air-dried for 
about three weeks.   
                                 

 

 

d)

 

Extraction

 

The air –

 

dried aerial part of the plant sample H. 
verticillata were ground using mechanical grinder. Six 

hundred sixty-eight grams of the ground sample were 
extracted with 95% ethanol for 72 hours. The resulting 
mixture was filtered and the solvent removed by rotary 
evaporator at 400C to yield the crude ethanolic extract 
as shown in Scheme 1. 

 
 

 
 

  The crude ethanolic extract was separated by 
solvent partitioning according to increasing polarity: n-

 
hexane, EtOAc, DCM and water to obtain four extracts 
(Scheme 2). Hex, EtOAc and DCM extracts were dried 
under a vacuo

 

while the aqueous extract was freeze-
dried. The concentrated extracts were subjected to Brine 
Shrimp Lethality Test (BSLT).  The extracts with the 
highest toxicity or lowest LC50

 

were considered as 
bioactive extracts. 

 

 
 

     
 e)

 

Fractionation and Purification

 
The crude hexane extracts (H) having the 

highest bioactivity was subjected to gravity column 
chromatography (GCC) using silica gel (silica gel 60, 

© 2013  Global Journals Inc.  (US)
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mesh 70 – 230) as adsorbent. The column used in this 
study was packed using the slurry method which has an 

      

  

Air

 

dried sample of Aerial 

part of H. verticillata

Crude EtOH Extract

Hexane 

Extract 

EtOAc

Extract 

DCM

 

Extract 

H
2
O 

Extract 

Bioassays

Solvent extraction and concentration

Concentrated Extracts

Isolation and Partial Characterization of the Most Bioactive Metabolite from the Hexane Extract of the 
Aerial Part of Hydrocotyle Verticillata (WHORLED MARSHPENNYWORTH)

Scheme 1 :  Preparation of Crude Extract

Scheme 2  : Schematic Diagram for Solvent Extraction



 internal diameter of 25 mm and a length of 350 mm. A 
gradient step elution was required to elute the 
compounds from the column and was previously 
equilibrated with pure hexane. Hexane and ethyl acetate 
were first used as eluant . Ethyl acetate in methanol was 
next to be used as an eluant starting with 5-100% EtOAc 
in MeOH (increment of 5% in each step). The fractions 
obtained were subjected to Thin Layer Chromatography 
using Fluka TLC plate. Detection of the spots was done 
using UV lamp (short and long wave) and iodine vapour.  
Fractions with the same TLC profile were pooled 
together as one fraction. There were 10 fractions 
obtained from the first column chromatographic 
separation. All of these fractions were subjected to BSLT 
at LC50

 

of 50 ppm and antimicrobial assay to obtain the 
highest bioactivity.  Fraction 5 (HF5) was selected for 
further purification because of its highest toxicity among 
the fractions (Scheme 3). 

 
Second GCC was performed for further 

purification of HF5 using a column with smaller internal 
diameter of 15mm. EtOAc in Hex was used as eluting 
solvent starting with 35 mL of 10%, 20%, 25%, 30% of 
the mobile phase followed by 70% -

 

30% of EtOAc in 
Hex (increment of 2% in each step). There were five 
pooled fractions obtained. Pooling was done based on 
the result of TLC. 

 
From among the five fractions obtained in the 

second GCC, the second was further purified (HF5B) for 

third gravity column chromatography since it has the 
greatest weight and highest toxicity. The column used in 
the third GCC had the smallest diameter of 7 mm. Four 
pooled fractions using 20% - 40% of EtOAc in Hex 
(increment of 1% in each step) as mobile phase.  

The profile of each of the four fractions (HF5B1, 
HF5B2, HF5B3, HF5B4) was examined from the 
resulting peaks produced by high performance liquid 
chromatography (normal phase HPLC) at the Chemistry 
Department, Xavier University, Ateneo de Cagayan.  
Twenty microliters of each fraction was injected to the 
HPLC (Perkin Elmer) at 254 nm using a wakopak 
wakosil column (normal phase) with a flow rate of 1 mL 
per minute as stationary phase, ethyl acetate as mobile 
phase, and UV detector (254 nm). 

Among four fractions were subjected to HPLC 
HF5B2, HF5B3, HF5B4 showed similar retention time. 
The three fractions had similar HPLC profile, thus, they 
had similar composition and bioactivity. HF5B2 was 
chosen to be further purified to represent the entire 
fraction by means of HPLC instrument to yield a 
subfraction isolate with a single sharp peak in its 
chromatogram (Scheme 4). Collection of the subfraction 
from the HPLC was guided by the appearance of the 
chromatogram on the computer screen. This was 
collected in vial and labeled as HF5B2a and partially 
characterized using FTIR. 
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TLC, Normal Phase HPLC, UV-VIS

Isolation and Partial Characterization of the Most Bioactive Metabolite from the Hexane Extract of the 
Aerial Part of Hydrocotyle Verticillata (WHORLED MARSHPENNYWORTH)

Scheme 3 : Purification of Crude Hexane Extract



 

   

 

 

 
 
 
 

  
  
 

 
 

 

 
 
 
 
 
 
 
 
 
 

 

 
 
 

 
 
 
 
 
 

    

 
 

f)

 

Partial Caharacterization

 

The HPLC subfraction labeled HF5B2a was 
analyzed using a Perkin Elmer FTIR

 

spectrometer. The 
IR spectrum produced was examined to identify the 
functional groups present in the compound. This was 
done by making a portion of the liquid sample using 
KBR window, spacer of 0.015 mm and loading it into the 
FTIR instrument thru its injection port. Analysis of the 
sample was done at the Analytical Laboratory Services 
of Mindanao University of Science and Technology, 
Philippines.

 

  

  

 

 
 
 

    

 

Fourier Transform Infrared (FTIR)

 

HF5B2b

 
 

HF5B2a

 
 

HF5B2

 
 

 
 

 
 

 
 

Normal Phase

 

HPLC
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From the 668 g of air dried sample, 99.765 g of 
ethanolic crude extract was obtained. The crude 
ethanolic extract was separated by solvent partitioning 
according to increasing polarity and four solvent extracts 
were achieved. These were hexane (Hex), ethyl acetate 

(EtOAc), dichloromethane (DCM) and aqueous (Aq) 
extracts. Table 1 shows the consistency and 
appearance of each extract. Hex and EtOAc extracts 
were observed to be dark green and sticky. DCM was 
light green and has oily consistency while the aqueous 
was light orange and solid. 

Organic Extracts Appearance Consistency Weight (grams)

Hex
 

Dark green sticky 28.4594

EtOAc Dark green sticky 1.6624

DCM Light green oily 12.5324

Aq
 

Light orange solid 19.7625

III.
Solvent Extractiona)

Isolation and Partial Characterization of the Most Bioactive Metabolite from the Hexane Extract of the 
Aerial Part of Hydrocotyle Verticillata (WHORLED MARSHPENNYWORTH)

Scheme 4 :  HPLC Purification of fraction HF5B2

Scheme 5 : TLC Purification of HF5B5 (Pooled HF5B2, HF5B3 and HF5B4 Fractions)

Moreover, melting point determination was then conducted to purified isolate HF5B5a corresponds to 
HPLC isolate (HF5B2a which was partially characterized using FTIR) to determine its property. Melting point 
determination was done using Fisher John Melting Point Apparatus

60% EtOAc in Hex

HF5B5
(Pooled HF5B2 , HF5B3 and HF5B4)

HF5B5 HF5B5b

Table 1 : The Appearance and Consistency of the Solvent Extracts from the Aerial 
Part of Plant Sample H. verticillata
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Results and Discussion
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Figure 2 :

  

    
Graphical Comparison of LC50

 

Values of Crude Extracts

 

 

 
 

  

 
 

 
 

 

   

 
  

 

Extraction

 

Solvent

 

LC50  
values (ppm) from the different crude           

extracts

 

EtOH

 

94.34

 

Hexane

 

50.35

 

EtOAc

 

76.98

 

DCM

 

223.87

 

Aq

 

377.45
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The colored appearance observed for each 
extract was due to the presence of pigment found in 
plants, example chlorophyll. The great abundance of 
chlorophyll in leaves and its occasional presence in 
other plant tissues, such as stems, caused these plant 
parts to appear green. In addition to chlorophyll, leaf 
cells also may contain other pigments such as yellow 
xanthophylls, yellowish-orange carotenes, and red and 
purple anthocyanins. Leaves also may contain 
which give them a golden-yellow color.4

b) Brine Shrimp Lethality Test
The toxicity of all crude extracts was evaluated 

by brine shrimp lethality test.5 Toxicities of test extracts 
were tested at 10, 100, 1000 ppm and LC50 value was 
determined from the 24-hour death counting using 
probit analysis. The results of the assay are presented in 
Table 2.

c) Bioassay-Guided   Fractionation   of   Hexane  Crude 
Extracts

The most bioactive extract, the crude hexane 
extract which gave the lowest LC50 value was subjected 
to further purification and partial characterization.

HF1
HF2
HF3

Colorless
Orange
Yellow

31.1
202.13

30.7

HF4 Dark 
green

119

HF5 Dark 
green

79.9

HF6
Dark 

reddish 
brown

49.6

HF7 Dark 
green

41.4

Table 3 : The Appearance and Weight of Pooled Fractions Obtained from First GCC

Crude hex extract 
pooled fractions

Color Weight
(mg)

Isolation and Partial Characterization of the Most Bioactive Metabolite from the Hexane Extract of the 
Aerial Part of Hydrocotyle Verticillata (WHORLED MARSHPENNYWORTH)

    

Crude extracts of EtOH, Hex and EtOAc gave 
lower LC50 compared to DCM and the Aq extracts as 
shown clearly in Figure 2. But the hexane extract gave 
the lowest LC50 value of 50.35 ppm thus, it is the most 
active. Further- more, the bioassay indicates that the 
aqueous extract showed very little toxicity at LC50 value 
of 377.45 ppm.

Brine Shrimp Lethality Test Results of the Crude Extracts   from Aerial Part of    H. verticillata



 
 
 

 
 
 

 
 

 
 

 
 

 
 

 

 

 

 

 
 

 

HF8

 

Dark 
green

 

44.3

 

HF9

 

Yellow

 

79.8

 

HF10

 

Pale 
yellow

 

72.4

 

•

 

 

  

There were 10 pooled fractions (Table 3) obtained from the first column chromatographic separation of the 
crude hexane extract. All of these were subjected to BSLT at LC50

 

of 50 ppm. Results are tabulated in Table 4.

 
 

Table 4

 

:  Percent mortality of 10

 

Pooled Fractions (Crude Hex Extract)

Fraction

 

Mean % mortality+SD

 

*Corrected mean  %

 

mortality at 50 ppm

 

HF1

 

3.33 +

 

0.58

 

0.00

 

HF2

 

6.67 +

 

1.15

 

3.45

 

HF3

 

6.67 +

 

0.58

 

3.45

 

HF4

 

3.33 +

 

0.58

 

0.00

 

HF5

 

80.00 +

 

1.00

 

79.31

 

HF6

 

23.33 +

 

2.08

 

20.69

 

HF7

 

16.67 +

 

2.08

 

13.80

 

HF8

 

6.67 +

 

0.58

 

3.45

 

HF9

 

13.33 +

 

1.15

 

10.35

 

HF10

 

13.33 +

 

1.15

 

10.35

 

Blank

 

3.33 +

 

0.58
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            Out of the 10 fractions only fraction 5 (HF5) 
showed the highest toxicity at 79.31 % mortality rate at 
50 ppm. HF5 was further purified and subjected to 
second GCC. There were five pooled fractions obtained 
from the second gravity column chrom- atography. 
Pooling was done based on the result of TLC. Solvent 
EtOAc in Hex was used as eluant starting with 35mL of 
10%, 20%, 25%, 30% of the mobile phase followed by 
70% - 30% of EtOAc in Hex (increment of 2% in each 
step). To test for toxicity, BSLT assay was again done to 
all of these fractions using LC50 of 50ppm. 
           The results of the five fractions obtained from 
second GCC and their weight in milligrams (mg) are 
shown in Table 5. Percent mortality of these pooled 
fractions is also tabulated on Table 6.

Table 5    :    The Appearance and Weight of Pooled 
Fractions Obtained from Second GCC

Crudehexextract 
pooled fractions

Color Weight
(mg)

HF5A Colorless 10.5
HF5B Dark green 30.6
HF5C Dark green 10.2

HF5D Dark green 11.8
HF5E Yellow 9.98

HF5C 50.00 + 1.00

HF5E 10.00 + 1.00
Blank 0

Table 6 : Percent Mortality of 5 Pooled Fractions

Fraction # Mean % mortality at 50 ppm + SD
HF5A 23.33 + 0.58
HF5B 83.33 + 1.15

Results reveal that HF5B has the highest 
mortality rate of 83.33%; coupled to its greater weight 
among the five fractions, it was further purified and 
subjected to third GCC using the smaller diameter of a 
pipette serving as the column. This time 20% - 40% of 
EtOAc in Hex (increment of 1% in each step) was used 
as the eluting solvent. The results revealed four pooled 
fractions which are presented in Table 7. Due to the very 
small quantity of the samples collected in the third GCC, 
weights were not measured.

Again, all of these fractions were subjected to 
TLC detection of the shade of spots. It was done under 
the UV lamp (254 nm and 365nm). The results revealed 
one spot for each fraction.

The profile of each four fractions (HF5B1, 
HF5B2, HF5B3, HF5B4) was examined also through the 
resulting peaks obtained using high performance liquid 
chromatography (normal phase HPLC at 254 nm) 
employing wakosil wakopak column with a flow rate of 
1mL/minute.   

Table 7 :   HPLC Results of the Pooled Fractions in the 
Third GCC

Isolate
#of 

prominent 
peaks

Retention time for the 
prominent peaks 

(respectively)
HF5B1 2 8.130      ,      8.417
HF5B2 2 8.400     ,    9.122
HF5B3 2 8.450      ,     9.165
HF5B4 2 8.257       ,     9.003                                        

Isolation and Partial Characterization of the Most Bioactive Metabolite from the Hexane Extract of the 
Aerial Part of Hydrocotyle Verticillata (WHORLED MARSHPENNYWORTH)

bold most bioactive fraction and further purified 

* calculated using Schneider-Orelli’s Formula

HF5D 33.33 + 1.53
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HPLC results showed that HF5B1 had two 
shouldered peaks. For fractions HF5B2, HF5B3, HF5B4 
two peaks (Appendix E. Fig.,10,11,12,) were also 
observed which interestingly showed closely similar 
retention times (Table 7). Hence, the molecules were 
eluted nearly all at the same time. Moreover, the 
appearance of first eluted peak was long and followed 
by a shorter peak. These results suggested that all the 
fractions were of similar composition and bioactivity.

  Among four fractions, HF5B2, HF5B3 and 
HF5B4 were decided to be chosen to be further purified. 
This does not suggest that HF5B1 did not possess 
biological activity. However, due to time constraints and 
large number of variables that could be explored when 
using solvent system, thus, investigation would be 
focused to the three fractions mentioned above. As had 
been discussed similar HPLC profiles of HF5B2, HF5B3 
and HF5B4 suggested that all the fractions were of 
similar composition and bioactivity.  The fraction H5B2 
was chosen to be subjected to normal phase HPLC for 
further purification since it represents already the entire 
fraction. Moreover, the two peaks of HF5B2 were both 
sharp which indicates that the components of this 
fraction were much more concentrated. Purification was 
done using normal phase HPLC instrument to yield a 
subfraction, HF5B2a with a sin- gle sharp peak on its 
chromatogram and with a retention time of 8.135 min. 
Collection of the subfraction from the HPLC was guided 
by the appearance of the chromatogram on the 

computer screen. The HPLC isolate was collected in a 
vial and was partially characterized using FTIR to 
analyze the functional groups present in this sample.

Melting point determination was then 
conducted to purified TLC isolate HF5B5a which 
corresponds to HPLC isolate HF5B2a (the first eluted 
peak done by HPLC and this was partially characterized 
using FTIR). The melting point of the isolate obtained 
102-1030C. It was determined by using Fisher-Johns 
Melting Apparatus. The short range of melting point 
implies its possibility of being pure.

IR spectrum of subfraction HF5B2a is shown in 
Figure 3. Absorption peaks and the possible functional 
groups present are tabulated below in Table 8. 

Table 8  :    IR Absorption Peaks for HF5B2a and 
Inferences6

Wavenumber, cm-1 Inferences
3464.15
2994.38

NH secondary stretch
C-H stretch

1762.44 , 1722.93 C=O stretch 
1466.10 CH2 bend
1447.66, 1382.69 CH3 bend
1276.76 C-C(O)-C stretch
1213.41 CN stretch, aliphatic
1098.55,1062.07, 1034.99 C-C stretch
938.54 Out of plane CH bend
786.92 NH secondary wag

IV. Conclusion

Partial characterization of HF5B2a the most 
purified bioactive component of the Hexane Extract of H. 
verticillata was done using the Perkin Elmer FTIR. The 
following are the possible functional groups present that 
was deduced from the IR spectrum: NH secondary 
stretch, C=O stretch, CH2 and CH3 bend, C-C(O)-C 
stretch, CN stretch (secondary aliphatic amine), out of 
plane CH bend and NH wag.  Considering the presence 
of these functional groups particularly the amine, the 
isolated metabolite HF5B2a from hexane extract could 

be an alkaloid derivative since alkaloid is composed of 
amines or nitrogen-containing compound. Alkaloid 
which was a DNA binder, play an important role in 
cancer therapy.7

    V. Recommendations

1. HF5B2a will be subjected to reverse-phase HPLC
2. Frractions HF5B1, HF3B2 and HF5B3 must be 

further purified and the results will be tested for 
DNA-binding property

Isolation and Partial Characterization of the Most Bioactive Metabolite from the Hexane Extract of the 
Aerial Part of Hydrocotyle Verticillata (WHORLED MARSHPENNYWORTH)

d) Partial Characterization

Figure 3 : FTIR Spectrum of HF5B2a
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3. HF5B2a must be further recovered to characterize 
and eventually elucidate their structures that may 
also have a pharmacological significance.

4. Subfraction HF5B2a be further characterized   by  
EIMS, 1D and 2D-NMR, H-NMR, 13C-NMR and 
various correlations by 1H-1H HMQC and HMBC. 
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Abstract - The functional properties of the testa, dehulled and whole seed samples of Vigna subterranea 
were examined under different neutral salt concentrations. Parameters examined for were: foaming 
capacity (FC), foaming stability (FS), water absorption capacity (WAC), emulsion capacity (EC), lowest 
gelation concentration (LGC) and protein solubility (PS). Results showed that the highest FC was 
recorded for NaCl at 0.5 % salt concentration, the lowest FC was recorded for Na2SO3 at 10 % salt 
concentration. Most of the present values of FS were lower than those reported for some legumes in 
literature. WAC values ranged between 250- 400 % (testa), 140-240 % (dehulled) and 100-240 % (whole 
seeds) in the various salt solutions; high WAC values could make the samples useful replacement in 
various food formulations such as baked goods and custards. The EC results showed that EC depended 
on salts concentrations and the type of salts under consideration. LGC results were in the range of 2.0-8.0 
% which were mostly lower or within the range of most literature values for leguminous seeds.  
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I. Introduction  

ambara groundnut (Vigna subterranea L. Verdc) 
is a seed crop of African origin. It is cultivated 
principally by farmers as a famine culture crop 

because of its agronomic values and the ability to 
produce in soils considered insufficiently fertile for 
cultivation of other more favoured species such as 
common beans and groundnuts 
(Anchirinahet al., 2001). It is very adaptable to hot 
temperatures but it is also tolerant to rainfall (Wrigley, 
1981). Bambara seeds may be consumed in various 
forms for food. Fresh seeds may be consumed raw, 
boiled, grilled or dry seeds made into a powdery form to 
make cakes (Adebowale and Lawal, 2002). 

The nutritional potentials of bambara groundnut 
were documented. The  seed is  regarded as a balanced  

 
 

 

food because when compared to most food legumes, it 
is rich in iron and the protein contains high lysine and 
methionine (Adu-Dapaah and Sangwan, 2004). In 
addition, it is known to contain 63% carbohydrates, 18% 
oil and the fatty acid content is predominmatly linoleic, 
palmitic and linolenic acids (Minka and Bruneteau, 
2000). It was reported also that it is richer than 
groundnut in essential amino acids such as leucine, 
isoleucine, lysine, methionine, phenylalanine, threonine 
and valine (Ihekoronye and Ngoddy, 1985). 

Soils of medium or low fertility, with a pH of 5.0 
– 6.5 will produce satisfactory crops. Yields of bambara 
groundnut on low – fertility soils are generally higher 
than those of groundnut grown on similar soils. 
Bambara groundnut will often yield well in environments 
that may be too hostile for more favoured legumes 
(Collinsonet al., 1996).  

Recently, Pasquetet al. (1999), using isozyme 
analysis, found high genetic identities between wild and 
domesticated bambara groundnut accessions and 
concluded that the wild bambara is the progenitor of the 
domesticated form, both being characterized by low 
total genetic diversity. 

An evenly distributed rainfall in the range 600-
1000mm encourages optimum growth but satisfactory 
yield can be obtained in areas with pronounced dry 
season since the crop is relatively drought resistant. It is 
tolerant to periods of heavy rainfall except during the 
flowering period. 

It has been scientifically declared that bambara 
bean is high in protein quotient, particularly in 
methionine which makes its protein more complete than 
any other bean. The proximate composition of the 
bambara groundnut was reported to be 9.7% moisture, 
16.6% protein, 5.9 % fat, 2.9% ash, 4.9% crude fibre and 
64.9% carbohydrate (Enwere and Hung, 1996). 

The high concentration of soluble fibre than any 
other bean also makes it one step ahead of other 
beans. This further enhances its quality as nutritious 
food which reduces the incidence of heart disease and 
certain types of cancer. Also, bambara beans being 
nitrogen fixers themselves and along with providing the 
soil with essential nutrients do not require any artificial 

B 
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fertilizer. The use of artificial flavours or preservatives 
during the food processing is greatly discarded.

E.I. Adeyeye α, A.A. Olaleye σ & A.J. Adesina ρ

Author α σ ρ : Department of Chemistry, Ekiti State University, PMB 
5363, Ado-Ekiti, Nigeria.  E-mail : eiadeyeye@yahoo.com

Abstract  - The functional properties of the testa, dehulled and 
whole seed samples of Vigna subterranea were examined 
under different neutral salt concentrations. Parameters 
examined for were: foaming capacity (FC), foaming stability 
(FS), water absorption capacity (WAC), emulsion capacity 
(EC), lowest gelation concentration (LGC) and protein 
solubility (PS). Results showed that the highest FC was 
recorded for NaCl at 0.5 % salt concentration, the lowest FC 
was recorded for Na2SO3 at 10 % salt concentration. Most of 
the present values of FS were lower than those reported for 
some legumes in literature. WAC values ranged between 250-
400 % (testa), 140-240 % (dehulled) and 100-240 % (whole 
seeds) in the various salt solutions; high WAC values could 
make the samples useful replacement in various food 
formulations such as baked goods and custards. The EC 
results showed that EC depended on salts  concentrations 
and the type of salts under consideration. LGC results were in 
the range of 2.0-8.0 % which were mostly lower or within the 
range of most literature values for leguminous seeds. For the 
five salts used in the analysis (NaCl, Na2CO3, Na2SO3, NaNO3

and CH3COONa), the proteins in the samples were more 
soluble in the basic region of pH. The PS figures mostly 
showed two distinct peaks meaning that the bambara 
groundnut samples might be having two major proteins.

(Arachis hypogaea) 



 

 
 

 

Bambara groundnut was reported to have been 
fairly well supplied with calcium and iron although poor 
in phosphorus. It contains thiamine, riboflavin, niacin 
and carotene but very low

 

in ascorbic acid (Oyenuga, 
1968). 

 

Several other reports have been made on 
bambara nut. The swelling capacity increases with 
increase in temperature (Adebowaleet al., 2002). 
Bambara bean is higher in water absorption capacity 
than that of great Northern bean (Sathe and Salunkhe, 
1981).   

 

The water absorption capacity (WAC) of 
bambara groundnut flour was higher than that of starch 
(Piyarat, 2008). This result shows that the flour is more 
hydrophilic due to a higher protein and carbohydrate 
contents. Also, the higher oil absorption capacity (OAC) 
in flour could be due to its higher protein and fat 
contents which can entrap more oil.

 

The objectives of this research work therefore 
are to: find out the functional properties of bambara 
groundnut, reveal the food

 

properties of the samples 
and hence, their industrial applications in the food 
industry and provide useful information that can further 
suggest the consideration of bambara groundnut as an 
alternative source of nutrients, especially for populations 
of the

 

developing countries such as Nigeria.    

 
II.

 

Resources and Techniques

 
a)

 

Sample collection and preparation

 

The sample (bambara groundnut) was obtained 
from the Department of Plant Science, Ekiti State 
University, Ado-Ekiti. The seeds were screened to 
eliminate the defective ones, washed and rinsed with 
distilled water. The seeds were divided into two parts. 
One

 

part was soaked with distilled water overnight while 
the other part was dried without soaking. The soaked 
ones were removed after 24 h and were manually 
dehulled. Both the cotyledon and the testa were dried in 
an oven at 45 oC. All the three samples (whole seed, 
cotyledon and testa) were dry milled separately to fine 
powder and stored in a dry, cool place prior to use. The 
three samples were used for various analyses as 
described below.

 
b)

 

Preparation of salt solutions

 

 

 

Biuret solution was prepared by weighing (30g 
of NaOH dissolved in 300 ml of distilled water) + (1.5g 
CuSO4.4H2O+6.0g potassium sodium tertarate 
dissolved in 500ml distilled water) and made up to 1dm3

 

with distilled water.

 

c)

 

Determination of foaming capacity and stability 

 

1g of the sample was whipped with 50ml of 
distilled water for 5 min in a blender at speed set at 
“max” and was transferred into a 100ml graduated 
cylinder. Total volume at time interval of 0.0, 0.05, 0.1, 
0.2, 0.3 and 1.0 hour was noted to study the foaming 
stability. Volume increase (%) was calculated according 
to the equation of Coffman and Garcia (1977) to obtain 
the foaming capacity.

 

d)

 

Determination of emulsion activity 

 

2g of the sample, 20ml distilled water, 20ml 
executive chef vegetable oil was prepared in a

 

calibrated centrifuge tube. The emulsion was 
centrifuged for 5 minutes. The ratio of the height of the 
emulsion layer to the total height of the mixture was 
calculated as the emulsion activity expressed in 
percentage (Inklaar and Fortuin, 1969).

 

e)

 

Determination of water and oil absorption capacity 

 

The water and oil absorption capacity of the 
sample was determined as described by Beuchat 
(1977). 10cm3 of water or salt solution was added to 
1.0g sample in a centrifuge tube. The suspension was 
mixed vigorously

 

using vortex mixer. This was then 
centrifuged for 25 min and the volume of the 
supernatant left after centrifuging was noted.  Water 
bound was calculated from the difference in volume of 
the initial volume of the solvent used and the final 
volume after centrifuging. The same procedure was 
used for oil absorption capacity (Inklaar and Fortuin, 
1969).

 

f)

 

Determination of least gelation concentration

 

Appropriate sample suspensions of 2, 4, 6, 8, 
10, 12, 14, 16% were prepared in 5ml of distilled water. 
The test tubes containing these suspensions were 
heated for 1 hour in boiling water followed by rapid 
cooling under running tap water. The test tubes were 
then cooled for 2 hours at 40C. The least gelation 
concentration was determined as concentration when 
the sample from the inverted test tube did not fall down 
or slip (Coffman and Garcia, 1977).

 

g)

 

Protein solubility determination 

 

The protein solubilities of the samples at 
different salts concentration were studied using the 
Biuret method (Wiechselboven, 1946).

 

0.5g

 

of the sample was suspended in 10ml of 
different salt concentrations. The solubility at natural pH 
was first determined, that is no acid or alkali was added 
and so solubility in the case was based on the normal 
pH of the sample in solution. The suspension

 

was 
centrifuged at room temperature for 30 min at 3,500 

© 2013  Global Journals Inc.  (US)

10

G
lo
ba

l
Jo

ur
na

l
of

Sc
ie
nc

e
Fr

on
tie

r
R
es
ea

rc
h 

  
  
  
 V

ol
um

e
X
III

X
II

 I
ss
ue

  
  
 e

rs
io
n 

I
V

II
Y
ea

r
  

 
  

20
13

  
 B
)

)

rpm. The supernatant obtained was filtered and the 
protein of filtrate was determined by Biuret method with 
standard Bovine Serum Albumin (BSA) (Wiechselboven, 
1946).

Food Properties of Hull, Dehulled and Whole Seed Samples of Bambara Groundnut (Vigna Subterranea       
L. Verdc)

0.5, 1, 2, 5 and 10% (w/v) concentrations of 
various salts used were prepared by weighing 0.5, 1, 2, 
5 and 10g of salts (NaC1, Na2CO3, NaNO3 CH3COONa 
and Na2SO3) which are respectively added to 99.5, 99, 
98, 95 and 90 ml of distilled water for each solution to 
make up to 100g.



 

 
 

 

The Biuret method is a convenient assay for 
large number of samples of relatively soluble proteins. 
Kjeldahl method is not a rapid and convenient assay 
although useful for the determination of the amount of 
protein in crude mixtures.

 

For the determination of standard protein using 
Biuret

 

method, 1g of BSA was dissolved in 100ml 
distilled water in a volumetric flask. Five tubes were set 
up containing fractions of the BSA solution in the order: 
0.0ml, 0.5ml, 1.0ml, 1.5ml, 2.0ml and they were made 
up to 2ml by adding 2.0ml, 1.5ml, 1.0ml, 0.5ml and 
0.0ml of distilled water. The tubes were left to stand for 
30 min. The solution from the tube containing 2.0ml 
distilled water and 8.0ml Biuret solution was used as the 
blank to standardize the UV spectrophotometer at 
450nm. The absorbance of each of the other tubes was 
also taken. A standard curve was drawn for absorbance 
against concentration.

 

The determination of protein of the filtered 
supernatant in each sample was carried out as follows: 
1.0ml of filtrate was pipetted into a test tube and 8ml of 
Biuret solution was added. The tube was left to stand for 
30 min after which the absorbance was taken. The 
corresponding protein concentration was obtained. The 
obtained protein concentrations for the various salts 
were plotted (Oshodi and Ekperigin, 1989).    

 

III.

 

Results and Discussion

 

a)

 

Foaming Capacity (FC)

 

Tables 1-3 present the foaming capacity (FC) of 
bambara groundnut: testa, dehulled and whole seeds 
under various salts and salt concentrations. The Tables 
revealed that foaming capacity depends on 
concentration and types of salts used. There was a 
decrease in the foaming capacity with increase in 
concentration of salt from 0.5 to 10%. The FC values in 
Table 1 showed that the FC was 9.0 cm3

 

(18.0%) at zero 
percent concentration (water only). The FC ranged from 
2.0cm3

 

(4.0%)-7.0cm3

 

(14.0%) for NaCl, 2.0cm3

 

(4.0%) –

 

6.50cm3

 

(13.0%) for Na2CO3, 2.0cm3 (4.0%) –

 

4.0cm3 

(8.0%) for NaNO3, 2.0cm3 (4.0%) –

 

5.0cm3 (10.0%) for 
CH3COONa and 2.0cm3 (4.0%) –

 

5.50cm3 (11.0%) for 
Na2SO3. Highest foaming capacity was reported for NaCl 
at 0.5% salt concentration whereas lowest foaming 
capacity was reported for NaCl at 5% and 10% salt 
concentrations, Na2CO3 at 10%, NaNO3 at 5%, 
CH3COONa at 10% and Na2SO3 at 5 and 10% salt 
concentrations in testa. In  dehulled (Table 2), highest 
FC was recorded for Na2SO3 at 1.0% salt concentration 
and NaCl at 0.5% and the lowest for NaCl and Na2CO3 

at 10% and CH3COONa at 2% and 10% salt 
concentrations. In Table3, for whole seeds, most of the 
FC values were fairly higher than those recorded for 
testa and dehulled samples. While the highest FC was 
recorded for NaCl at 0.5% salt concentration, the lowest 
FC was recorded for Na2SO3 at 10% salt concentration. 

Fairly high variation in foaming capacity existed within 
the salt concentrations in all the samples as shown by 
the CV%. The values of foaming capacity in all the three 
samples were lower than the values earlier reported for 
hulled seed flours of African yam bean (AYB) (39.9-
55.4%) and dehulled AYB seeds (21.3-48.4%) (Adeyeye 
and Aye, 1998). The low foaming capacities will reduce 
the functionality of bambara groundnut in its uses for the 
production of some foods where foaming is an 
important factor like cakes (Johnson et al.,

 

1979; Lee et 
al.,

 

1993).

 

b)

 

Foaming Stability (FS)

 

The foaming stability (FS) values for testa are 
presented in Tables 4 (NaCl), 5 (Na2CO3), 6 (NaNO3), 7 
(CH3COONa) and 8 (Na2SO3). The order of increasing 
foaming stability among the salts were Na2CO3 (rate= 
0.0-3.75% min-1)< Na2SO3 (rate = 0.0-10.0%min-1) 
<NaCl (rate =1.19-10.0% min-1) < NaN03

 

(rate = 2.5-
10.0 % min-1) < CH3COONa (rate = 2.67-10.0 % min-1). 
The best concentration of NaCl was 0.5% (w/v), 1.0% 
(w/v) in Na2CO3, 1.0% (w/v) in NaNO3, 0.5% (w/v) in 
CH3COONa and 0.5% (w/v) in Na2SO3. 

 

The foaming stability of dehulled bambara 
groundnut in Tables 9-13 revealed that the best NaCl 
concentration was 1.0% (w/v), 2.0% (w/v) for Na2 

CO3,1.0% (w/v) for NaNO3, 5.0% for CH3COONa and 
1.0% (w/v) for Na2SO3. Also, in whole seeds (Tables 14-
18), the best concentration of NaCl, Na2CO3, NaNO3 and 
Na2SO3 was 0.5% (w/v) whereas, 1.0% (w/v) was best in 
CH3COONa. Most of the present values of FS% were 
lower than those reported for AYB seeds (Adeyeye and 
Aye, 1998), pigeon pea (Oshodi and Ekperigin, 1989) 
and raw cowpea flour (Padmashreeet al., 1987). 
Foaming stability is important since success of a 
whipping agent depends on its ability to maintain the 
whip as long as possible.

 

c)

 

Water absorption capacity (WAC)

 

The water absorption capacity (WAC) values of 
bambara groundnut samples: testa, dehulled and whole 
seeds are shown in Tables 19 (testa), 20 (dehulled) and 
21 (whole seeds). The WAC in distilled water was 280%. 
The values ranged between 250-400% in testa, 140-
240% in dehulled and 100-240% in whole seeds in the 
various salt solutions. The WAC values in various salt 
solutions were close in all the samples as seen in the 
coefficients of variation percent (CV %). In testa, the best 
salts for WAC property were NaCl particularly at 1.0% 
(w/v) and Na2CO3 at 2.0% (w/v) salt concentrations. In 
dehulled, the best salt was CH3COONa particularly at 
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5.0% (w/v) whereas in whole seeds, the best salt for 
WAC property was Na2SO3. All the values in the testa 
and most of the values in dehulled and whole seeds 
were comparatively higher than the WAC of 138% 
reported for pigeon pea flour (Oshodi and Ekperigin, 
1989), 130% for soy flour, 107% for sunflower and 60.2% 

Food Properties of Hull, Dehulled and Whole Seed Samples of Bambara Groundnut (Vigna Subterranea       
L. Verdc)



 

 
 

for wheat flour (Lin et al.,

 

1974) but compared favourably 
with that of cowpea flour (246%) (Olaofe et al.,1993). 
The high values of WAC in bambara groundnut could 
make it a useful replacement in viscous food 
formulations such as baked goods and custards.

 

d)

 

Emulsion Capacity (EC)

 

Tables 22–24 present the emulsion capacity 
(EC) of bambara groundnut testa, dehulled and whole 
seeds. The results showed that emulsion capacity 
depended on salt concentrations and the types of salts 
under consideration. A gradual increase in EC was 
observed with increase in salt concentrations in NaCl 
solution in all the samples and CH3COONa in testa. 
There was a progressive increase up to 2.0% generally 
in Na2CO3 solution; in Na2SO3 solution (testa and whole 
seeds) and CH3COONa (dehulled) after which it 
decreased up to 5.0% and later increased up to 10.0%. 
Low levels of the coefficients of variation showed that 
the emulsion capacity values in the various salt 
concentrations were close in the present report. The 
present report was fairly better than the 18.0% reported 
for soy flour and 11.0% for wheat flour (Lin et al.,

 

1974).

 

e)

 

Lowest gelation concentration (LGC)

 

The variation in lowest gelation concentration 
with increase in concentration of salts of bambara 
groundnut samples: testa, dehulled and whole seeds 
are indicated in Tables 25, 26 and 27 respectively. The 
salt free values ranged from 2.0-8.0% while the various 
salt concentration values ranged from 4.0-

 

8.0% (NaCl), 
4.0-8.0% (Na2CO3), 4.0-6.0% (NaNO3), 4.0-8.0% 
(CH3COONa) and 4.0-8.0% (Na2SO3) (for testa); 2.0-

4.0% (CH3COONa) and 2.0-6.0% (Na2SO3) (for dehulled) 
and 6.0-8.0% (NaCl), 6.0-8.0% (Na2CO3), 6.0-8.0% 
(NaNO3), 6.0-8.0% (CH3COONa) and 6.0-8.0% (Na2SO3) 
(for whole seeds). Most of these values were lower or 
within the range of most literature values for leguminous 
seeds (Oshodi and Ekperigin, 1989; Adeyeye and Aye, 
1998). The variation in the gelation concentration of the 
samples under different salt concentrations and anions 
might be due to their different effects on the relative 
ratios of different constituents: proteins, lipids and 
carbohydrates (Satheet al.,

 

1982). The low CV% of 
lowest gelation concentration among the various salts 
showed that the results were very close.

 

f)

 

Protein Solubility (PS)

 

The solubility of proteins is greatly influenced by 
pH, as might be expected from their amphoteric 
behaviour; solubility is at a minimum at the isoelectric 
point and increases with increasing alkalinity or acidity. It 
is worthy of note that each protein has a definite 
solubility in a solution of a fixed salt concentration and 
pH. The effect of salts in increasing the solubility of 
globulins is called the “salting-in” effect. The solubility is 
a function of the ionic strength, which is usually 
calculated from the molar concentrations of the ions and 

their charge using the expression:      μ=½ εmz2 where μ

 

is the ionic strength, m is the molarity and z, the charge 
of the ion, the ε

 

denotes that mz2 terms are added for 
each of the ions (White et al., 1973)

 

(Table 28). Neutral 
salts are known to exert striking effects on the solubility, 
the association-dissociation equilibrium, the enzyme 
activity, the stability of natural and fibrillar structures and 
the rate of conformational change of proteins, 
polypeptides and nucleic acids (Oshodi and Ojokan, 
1997). The dependence of protein solubility with pH in 

 

Figures 1-5 depict the protein solubility (PS) in different 
salts/pH of testa. The minimum solubility

 

pH 
(considering just one or two concentrations) was pH 3 
(10%)  in Na2SO4,

 

pH 3 (10%)  in Na2CO3;pH 10 (2%) in 
Na2SO3,

 

pH 8 (10%) in CH3COONa, pH 3 or 5 (2%) and 

the maximum solubility pH (taking the best two 
concentrations) was 12 (0.5%) and 11 (2%) in Na2SO4, 
pH 12 (10%) and 9 (2%) in Na2CO3,

 

pH 9 (10%) and 7 
(2%) in Na2SO3,

 

pH 1 (2%) and 1 (1%) in CH3COONa 
and pH 12 (2%) and 7 (10%) in NaNO3.

 

In whole seeds 
(Figures 11-15), the maximum solubility pH was pH 9 
(1.0%) in Na2SO4, pH 1 or 10 (5.0%) in Na2CO3,

 

pH 10 
(0.5%) and pH 7 (10.0%) in Na2SO3, pH 12 (5.0%) in 
CH3COONa and pH 9 (10.0%).

 

The minimum solubilities (pI) were recorded for 
various salts at various concentrations, viz: Na2CO3, 
2.31% (8.5x10-3M or 10%); NaNO3, 6.94 (2.3x10-3M or

 
2.0% and 5.6x 10-3M or 5.0%); Na2SO3

 

3.7 (7.1x   10-3M 
or 10.0%); CH3COONa, 4.63 (1.1x10-2M or 10.0%) 
[testa], Na2CO3, 5.41 (9.3x10-4 M or 1.0% and 1.8x10-3M 
or 2.0%); Na2SO3,

 

1.27 (3.8x10-3 M or 2.0%); NaNo3, 0.64 
(5.9 x10-4 M or 0.5%); NaNO3, 0.64 (5.9x10-4 M or 0.5%); 
Na2SO3, 1.27 (3.8 x 10-3 M or 5.0%); CH3COONa, 
1.59(1.1 x 10-2 M or 10.0%) [dehulled] and Na2CO3, 7.75 
(4.7 x 10-4 M or 0.5%); NaNO3, 6.81 (5.9 x 10-4 M or

 
0.5%); Na2SO3, 9.84 (7.9 x10-4 M or 1.0%, 1.6x10-3 M or

 
2.0%. and 3.8 x 10-3 M

 

or 5.0%); CH3COONa, 6.05 
(6.1x10-4 M

 

or 0.5%w/v) [whole seeds]. Maximum 
solubility values varied similarly viz:  Na2CO3

 

16.2 
(4.7x10-4 M or 0.5%); NaNO3, 12.0 (1.2x10-3M or 1.0%); 
Na2SO3

 

10.7 (7.9x10-4 M

 

or 1.0%); CH3COONa, 11.6 
(2.4x10-3

 

M or 2.0% and 5.8x10-3 M or 5.0% w/v) [testa], 
Na2CO3, 10.8 (8.5x10-3 M or 10.0%); NaNO3, 7.64 
(2.3x10-3 M or 2.0% and 1.1x10-2 M or 10.0%); Na2SO3

 

6.36 (7.1x10-3 M or 10.0%); CH3COONa, 8.0 (2.4x10-3 M 
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or 2.0% w/v) [dehulled] and Na2CO3, 12.1 (4.5x10-3 M or

 
5.0%); NaNO3,

 

13.2 (1.1x10-2 M or 10.0%); Na2SO3 12.9 
(3.9x10-4 M or 0.5% and 7.1x10-3 M or 10.0%); 
CH3COONa, 11.4 (5.8x10-3 M or 5.0% w/v) [whole 
seeds]. The lyotropic series is therefore in the order: 
CO3

2->NO3
-> CH3COO- > SO3

2- (testa), CO3
2- > 

CH3COO- > NO3
-> SO3

2- (dehulled) and NO3
-> SO3

2- > 
CO3

2- CH3COO- (whole seeds). 
It was generally observed that for the five salts 

used in the analysis, the proteins in the bambara 

Food Properties of Hull, Dehulled and Whole Seed Samples of Bambara Groundnut (Vigna Subterranea       
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>

4.0% (NaCl), 2.0-4.0% (Na2CO3), 2.0-6.0% (NaNO3),2.0-

the presence of salts is presented in Figures 1-.2.5 

pH 4 (5%) in NaNO3 .In dehulled sample (Figures 6 -10), 



 

 
 

   

   

   

groundnut samples were more soluble in the basic 
region of pH. The electrostatic interactions (ionization of 
interior non-polar groups) are more important in 
hydration of proteins than the surface charge. This might 
contribute to the improved protein solubility in the 
alkaline region. Also, most of the figures showed two 
distinct peaks meaning that the bambara groundnut 
samples: testa, dehulled and whole seeds might be 
having two major proteins.   

 

IV.

  

The samples were good in water absorption 
capacity and emulsion capacity but foaming capacity 
and stability are not favourable. It could therefore be 
concluded that bambara groundnut should be dehulled 
when it is being used as food supplement especially for 
infants.
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Table 1 :  Foaming capacity (cm3) of bambara groundnut testa in

 

var ious salt concentrations 

 

Sal t concentrations (%)

    

Mean  SD  CV%

 

Salt

   

0.0

 

         0.5

 

   1.0

 

       2.0            5.0

 

10.0

 

NaCl  9.0(18.0)   

 

7.0(14.0)   

 

5.0(10.0)  

  

  3.0(60)   

 

2.0(4.0)    

 

2.0(4.0)   

 

        4.67  

 

2.88 61.7

 

Na2CO3 

 

                    
9.0(18.0) 

 

6.50(13.0   6.0(12.0)   

 

4.0(8.0)   

 

3.50(7.0)

 

2.0(4.0)      5.17  2.50 48.4

 

NaNO3                 9.0(18.0)       3.0(6.0)

 

    4.0(8.0)   

 

3.50(7.0)   

  

2.0(4.0)

 

4.0(8.0) 

 

4.25   2.44 57.4

 

CH3 COONa   9.0(18.0)        5.0(10.0)       5  .0(10.0)    4.0(8.0)     3.0(6.0)

 

2.0(4.0)      4.42   2.46 55.7

 

Na2 SO3 

 

       9.0(18.0)     

 

  5.50(11.0)

 

    4.0(8.0)   

 

3.0(6.0)      2.0(4.0)

 

2.0(4.0)      4.25   2.68 63.1

 
 

 
 

Table 2

 

:

  

Foaming capacity (cm3) of dehulledbambaragroundnut in various salt concentrations

 

Salt concentrations (%)

    

Mean   SD CV%

 

Salt

   

0.0

 

         0.5

 

   1.0

 

       2.0              5.0

 

10.0

 

NaCl
  
5.0(10.0)   6.0(12.0)   5.50(11.0)   3.0(6.0)       3.0(6.0)     2.0(4.0)   4.08      1.63 40.0

 

Na2CO3 

 

5.0(10.0)   3.0(6.0)     4.0(8.0)       5.0(10.0)    3.50(7.0)    2.0(4.0)    3.75   1.1731.2

 

NaNO3  

 

5.0(10.0)   3.0(6.0)

 

3.50(7.0)        4.0(8.0)      3.0(6.0)

 

2.50(5.0)     3.50

 

     0.89 25.4

 

CH3 COONa

 

5.0(10.0)   4.0(8.0)      3.0(6.0)       2.0(4.0)       3.0(6.0)   2.0(4.0)      3.17

 

1.17 36.9

 

Na2 SO3 

 

5.0(10.0)  5.0(10.0)

 

6.0(12.0)       4.0(8.0)      3.0(6.0)

 

2.50(5.0)     4.25

 

1.33  31.3

 

Table 3

 

:  Foaming capacity (cm3) of bambara groundnut wholeseeds in various salt concentrations

 

 

  

 
 

Salt concentrations (%)

  

                    Mean   SD CV%

 

Salt

 

     0.0

 

           0.5

 

     1.0

 

              2.0            5.0            10.0

 

NaCl

 

13.0(26.0)    12.0(24.0)  

  

10.0(20.0)        11.0(22.0)  

 

8.0(16.0)  

  

6.0(12.0)       10.0       2.61   26.1

 

Na2CO3 

  

13.0(26.0)       7.0(14.0)  
  

  

6.0(12.0)

 

   4.0(8.0)       3.0(6.0)   2.50(5.0)       5.92       3.88  65.5

 

NaNO3

  
13.0(26.0)     10.0(20.0)    

  

8.0(16.0)

 

6.0(12.0)  
    

7.0(14.0)    4.0(8.0)         8.0      3.16   39.5

 

CH3COONa3 13.0(26.0)       6.0(12.0)

 

5.0(10.0)          3.0(6.0)        3.0(6.0)    

 

2.0(4.0)        

  

5.33       4.03  75.6

 

Na2 SO3 13.0(26.0)       5.0(10.0)       3.50(7.0)           4.0(8.0)           2.0(4.0) 

 

1.50(3.0)      

  

4.83       4.20  87.0
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Table 4 : Foaming stability (%) of bambara groundnut testa using NaCl
  

Salt concentrations (%)                Mean   SD   CV%

Time (min)   0.0      0.5    1.0       2.0              5.0     10.0

0 100(9.0)           100(7.0)          100(5.0)       100(3.0)        100(2.0)        100(2.0)            100            0.0          0.0
5 88.9(8.0)         85.7(6.0)         80.0(4.0)      66.7(2.0)       50.0(1.0)   100(2.0)           78.6         17.8         22.6
10 77.8(7.0)         71.4(5.0)         60.0(3.0)      66.7(2.0)         0.0(0.0)        50.0(1.0)           54.3         28.3         52.1
20 66.7(6.0)         4.0(57.1)         40.0(2.0)        0.0(0.0)         0.0(0.0)  0.0(0.0)           27.3         31.1         114
30 55.6(5.0)         42.9(3.0)   20.0(1.0)        0.0(0.0)         0.0(0.0)           0.0(0.0)           19.8         24.5         125
60 44.5(4.0)         28.6(2.0)           0.0(0.0)        0.0(0.0)          0.0().0)           0.0(0.0)           12.8         19.5         152
90 223(2.0)            0.0(0.0)           0.0(0.0)        0.0(0.0)        0.0(0.0)            0.0(0.0)             3.7        9.1         246
Rate 0.86        1.19    2.67         3.33 10.0    5.0       3.84         3.37          87.8

© 2013  Global Journals Inc.  (US)

Note: The values inside the brackets represent the corresponding percentage values. 
Mean, SD and CV% were calculated based on volume.

Food Properties of Hull, Dehulled and Whole Seed Samples of Bambara Groundnut (Vigna Subterranea       
L. Verdc)



 

 
 

  

  

    

 
 
 

  
 
 
 

       
 

Table 5 :   Foaming stability (%) of bambara groundnut testa using Na2CO3

 

Salt concentrations (%)

 

             Mean   SD CV%

 

Time (min)   0.0

 

0.5

 

   1.0

 

             2.0             5.0

 

   10.0

 

0  100(9.0)        100(6.5)        100(6.0)        100(4.0)       100(3.5)        100(2.0)         100        0.0           0.0

 

5 88.9(8.0)       76.9(5.0)       83.3(5.0)       75.0(3.0)   

 

57.1(2.0)       100(2.0)         80.2      14.5         18.1

 

10 

 

20 66.7(6.0)       46.2(3.0)       66.0(4.0)       25.0(1.0)      28.6(1.0)       0.0(0.0)          38.9       26.1        67.1

 

30    55.6(5.0)        30.8(2.0)       50.0(3.0)         0.0(0.0)        0.0(0.0)     0.0(0.0) 

 

22.7   26.2         115

 

60 44.5(4.0)        30.8(2.0)       33.3(2.0)         0.0(0.0)        0.0(0.0)      0.0(0.0)           18.1       20.4         113

 

90 22.3(2.0)       15.4(1.0)

 

33.3(2.0)        0.0(0.0)       0.0(0.0)      0.0(0.0)

 

11.8       14.2         120

 

Rate 

 

  0.86              0.94

 

0.74  3.5 3.57        0.0 1.64   1.60         97.6      

 
 

 

Table 6 :

 

Foaming stability (%) of bambara groundnut testa using NaNO3

 

salt concentrations 

 

  
Salt concentrations (%)     Mean   SD  CV%

 

Time (min)   0.0

 

0.5

 

   1.0

 

             2.0             5.0

 

   10.0

 

0  100(9.0)       100(3.0)       100(4.0)       100(3.50)      100(2.0)    

 

100(4.0)     100      0.0         0.0

 

5 88.9(8.0)      66.7(2.0)      75.0(3.0)       57.1(2.0)      50.0(1.0)    75.0(3.0)   

 

68.8    14.0   

 

20.3

 

10 77.8(7.0)      33.3(1.0)      50.0(2.0)       28.6(1.0)       0.0(0.0)   50.0(2.0)   

 

40.0    26.1    65.3

 

20 66.7(6.0)   

 

0.0(0.0)      50.0(2.0)         0.0(0.0)     

 

0.0(0.0)    25.0(1.0)    23.6    29.1        123

 

30 55.6(5.0)   

 

0.0(0.0)      25.0(1.0)         0.0(0.0)     

 

0.0(0.0)      0.0(0.0) 

 

13.4    23.0        172

 

60 44.5(4.0)  

 

   0.0(0.0)       0.0(0.0)     0.0(0.0)    

 

0.0(0.0)     

 

0.0(0.0)     7.42   18.2         245

 

Rate 

 

  0.93          6.67           

 

2.50             7.14                10.0         3.75        

 

5.17  3.36       65.0

 
 

Table 7   :

  

Foaming stability (%) of bambara groundnut testa using CH3COONa

 

 

       

 

Salt concentrations (%)    Mean  SD  CV%

 

Time (min) 0.0

 

0.5                    1.0

 

       2.0               5.0

 

        10.0

 

0 100(9.0)             100(5.0)             100(4.0)     100(3.0)       100(3.5)    100(2.0)     

 

100     0.0      0.0   

 

5 88.9(8.0)           80.0(4.0)           75.0(3.0)   66.7(2.0)      85.7(3.0)   50.0(1.0)       74.4   14.3   19.2  

 

10 77.8(7.0)          60.0(3.0)            50.0(2.0)    33.3(1.0)    57.1(2.0)       0.0(0.0)        

 

46.4   26.9    85.0  
20 66.7(6.0)          40.0(2.0)            25.0(1.0)      0.0(0.0)    

 

0.0(0.0)       0.0(0.0)     

 

22.0   27.5   125
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77.8(7.0)    61.5 (4.0)       83.3(5.0)       50.0(2.0)      28.6(1.0)        0.0(0.0)         50.2      31.5         62.7

30 55.6(5. 0)         20.0(1.0)              0.0(0.0)      0.0(0.0)        0.0(0.0)       0.0(0.0)        12.6   22.5    179 
60 44.5(4.0)         0.0(0.0)               0.0(0.0)       0.0(0.0)        0.0(0.0)      0.0(0.0)       7.42   18.2   68.0

Rate 0.93               2.67                         3.75         6.67            4.29          10.0              4.72   3.21   68.0 

Table 8 : Foaming stability (%) of bambara groundnut testausing Na2SO3           
   Salt concentrations (%)                                                        Mean   SD  CV%

Time (min) 0.0 0.5   1.0            2.0         5.0         10.0   

0 100(9.0)      100(5.5)    100(4.0)    100(3.0)     100(2.0)           100(2.0)                     100     0.0     0.0   
5 88.9(8.0)     72.7(4.0)   75.0(3.0)    66.7(2.0)   100(2.0)          50.0(1.0)     75.6   17.4   23.0 
10 77.8(7.0)    54.5(3.0)   50.0(2.0)   33.3(1.0)   0.0(0.0)        0.0(0.0)                      35.9    31.3   87.2
20 66.7(6.0)     36.4(2.0)   0.0(0.0)    0.0(0.0)    0.0(0.0)       0.0(0.0)     17.2    28.3   165
30  55.6(5.0)    18.2(1.0)   0.0(0.0)     0.0(0.0)    0.0(0.0)       0.0(0.0)                      12.8    22.4   175
60 44.5(4.0)    0.0(0.0)   0.0(0.0)       0.0(0.0)    0.0(0.0)        0.0(0.0)                        7.42     18.2    245
Rate   0.93       2.73      5.0          6 0 .0                  10.0                           4.22     3.76    89.1

Food Properties of Hull, Dehulled and Whole Seed Samples of Bambara Groundnut (Vigna Subterranea       
L. Verdc)



 

 
 

 
   

    

  

   

    

   
  
    
       

    
    

      
 

Table 9   :

  

Foaming stability (%) of dehulledbambara groundnut using NaCl

 
 

         

 

Salt concentrations (%)
   Mean   SD   CV%

 

Time (min) 0.0

 

0.5

 

  1.0

 

            2.0           5.0            10.0

 

0

 

100(5.0)    100(6.0)   

 

100(5.50)    100(3.0)     100(3.0)      100(2.0)     100   

 

0.0    0.0   

 

5

 

80.0(4.0)    83.3(5.0)   90.9(5.0)    66.7(2.0)     66.7(2.0)    50.0(1.0)   72.9   

 

14.7 20.2 

 

10

 

60.0(3.0)    66.7(4.0)    90.9(5.0)    33.3(1.0)    66.7(2.0)    0.0(0.0)     52.9   31.8  60.1

 

20

 

40.0(2.0)    50.0(3.0)    72.7(4.0)    0.0(0.0)     33.3(1.0)   0.0(0.0)     32.7   

 

28.6  87.5

 

30

 

20.0(1.0)    33.3(2.0)    54.5(3.0)    0.0(0.0)      0.0(0.0)     0.0(0.0)     18.0   22.5  125

 

60

 

0.0(0.0)     0.0(0.0)       36.4(2.0)  

 

0.0(0.0)     0.0(0.0)       0.0(0.0)     6.07    14.9  245

 

Rate   2.67  2.22

 

    1.06          

 

6.67         3.34

 

            10.0          

 

4.33    3.36   77.6

 
 

Table 10 :   Foaming stability (%) of dehulledbambara groundnut using Na2CO3

 

  
Salt concentrations (%)                    Mean SD CV%

 

Time (min)   0.0   0.5

 

  1.0

 

       2.0              5.0

 

       10.0

 

0 100(5.0)    100(3.0)    100(4.0)    100(5.0)     100(3.5)      100(2.0)     100     0.0      0.0   

 

5 80.0(4.0)    66.7(2.0)   75.0(3.0)   80.0(4.0)    85.7(3.0)   50.0(1.0)     72.9   13.0   17.8 

 

10 60.0(3.0)    33.3(1.0)   50.0(2.0)   60.0(3.0)    57.1(2.0)    50.0(1.0)    51.7   10.1   19.5 

 

20 40.0(2.0)    0.0(0.0)     25.0(1.0)    40.0(2.0)    28.6(1.0)    0.0(0.0)    22.3   18.3    82.1

 

30  20.0(1.0)   0.0(0.0)     0.0(0.0)      40.0(2.0)     0.0(0.0)    0.0(0.0)     10.0   16.7    167       

 

60 0.0(0.0)     0.0(0.0)     0.0(0.0)       0.0(0.0)      0.0(0.0)      0.0(0.0)    0.0    0.0      0.0

 

Rate   2.67           6.67          3.75            2.0    3.57    5.0  3.94   1.69    42.9

 
 

Table 11  :   Foaming stability (%) of dehulledbambara groundnut using NaNO3

 

  
Salt concentrations (%)    Mean  SD  CV%

 

Time (min)   0.0

 

   0.5

 

   1.0

 

            2.0           5.0

 

         10.0

 

0 100(5.0)    100(3.0)    100(3.50)    100(4.0)     100(3.0)      100(2.50)    100    0.0    0.0   

 

5 80.0(4.0)  

 

66.7(2.0)    85.7          

 

75.0(3.0)     66.7(2.0)     80.0(2.0)    75.7   7.74  10.2

 

10 60.0(3.0)   33.3(1.0)    57.1(2.0)    50.0(2.0)     33.3(1.0)     40.0(1.0)    45.6   11.8 25.9

 

© 2013  Global Journals Inc.  (US)
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20 40.0(2.0)   0.0(0.0)      28.6(1.0)    0.0(0.0)       0.0(0.0)       0.0(0.0)     11.4  18.1  159    
30 20.0(1.0)   0.0(0.0)      0.0(0.0)     0.0(0.0)       0.0(0.0)      0.0(0.0)      3.33   8.16  245
60 0.0(0.0)     0.0(0.0)     0.0(0.0)       0.0(0.0)      0.0(0.0)        0.0(0.0)      0.0    0.0   0.0    

Rate 2.67    6.67     3.57             5.0            6.67               6.0    5.10  1.67 32.7

Table 12 : Foaming stability (%) of dehulledbambara groundnut usingCH3COONa  

  Salt concentrations (%)
    

Mean SD CV%

Time (min)   0.0
  

0.5   1.0           2.0           5.0      10.0

0 100(5.0)    100(4.0)    100(3.0)    100(2.0)     100(3.0)      100(2.0)     100     0.0     0.0   
5 80.0(4.0)   75.0(3.0)   66.7(2.0)   50.0(1.0)   83.3(2.50)    50.0(1.0)      67.5   14.7  21.8
10 60.0(3.0)   50.0(2.0)   0.0(0.0)     0.0(0.0)      66.7(2.0)   

  

50.0(1.0)   

  

37.8    30.0  79.4
20 40.0(2.0)    25.0(1.0)   0.0(0.0)    0.0(0.0)     33.3(1.0)     

  

0.0(0.0)     16.4   18.6    113
30 20.0(1.0)    0.0(0.0)     0.0(0.0)    0.0(0.0)     0.0(0.0)        0.0(0.0)      3.33     8.16  245
60 0.0(0.0)     0.0(0.0)     0.0(0.0)     0.0(0.0)     0.0(0.0)         0.0(0.0)      0.0        0.0    0.0
Rate 2.67      3.75          6.66

  

10.0        3.34           5.0          5.24     2.73   52.1

Food Properties of Hull, Dehulled and Whole Seed Samples of Bambara Groundnut (Vigna Subterranea       
L. Verdc)



 

 
 

 
  

 
    

 

    

 

    

    
   
   
     
    
   

     
 

Table 13

 

:
  

Foaming stability (%) of dehulledbambara groundnut using Na2SO3

 

  

Salt concentrations (%)

    

Mean  SD  CV%

 

Time (min)   0.0

  

0.5

 

  1.0

 

          2.0              5.0

 

     10.0

 

0

 

100(5.0)    100(5.0)    100(6.0)    100(4.0)     100(3.0)       100(2.50)    100      

 

0.0   0.0   

 

5

 

80.0(4.0)   80.0(4.0)   83.3(5.0)   75.0(3.0)    66.7(2.0)     80.0(2.0)     77.5  

  

  5.92   7.6 

 

10

 

60.0(3.0)    60.0(3.0)   66.7(4.0)   50.0(2.0)    66.7(2.0)     40.0(1.0)   

  

57.2  

   

10.4  18.2

 

20

 

40.0(2.0)    40.0(2.0)   50.0(3.0)   25.0(2.0)    33.3(1.0)     0.0(0.0)      31.4      17.5  55.7

 

30

 

20.0(1.0)    20.0(1.0)   33.3(2.0)    0.0(0.0)     0.0(0.0)      0.0(0.0)    

  

12.2      14.2   116     

 

60

 

0.0(0.0)     0.0(0.0)     33.3(2.0)     0.0(0.0)     0.0(0.0)      0.0(0.0)    

  

5.55       13.6  245

 

Rate

 

2.67

   

2.67 

 

    1.11            3.57

 

          3.34             6.0            3.26      1.62   49.7

 
 

Table 14

 

:

  

Foaming stability (%) of bambara groundnut whole seed using NaCl

 

  

Salt concentrations (%)

    

Mean SD CV%

 

Time (min)   0.0

  

0.5

 

  1.0

 

          2.0           5.0

 

     10.0

 

0

 

100(13.0)    100(12.0)    100(10.0)    100(11.0)   

  

100(8.0)    100(6.0)   100       0.0   0.0   

 

5

 

92.3(12.0)   91.7(11.0)   90.0(9.0)     72.7(8.0)     87.5(7.0)   83.3(5.0)  86.3       7.41 8.6

 

10

 

84.0(11.0)   83.3(10.0)   80.0(8.0)    

 

63.6(7.0)     75.0(6.0)   66.7(4.0)  75.5      8.75 11.6

 

20

 

76.9(10.0)    66.7(8.0)    70.0(7.0)    

 

54.5(6.0)     62.5(5.0)   50.0(3.0)  63.4     9.96  15.7

 

30

  

69.2(9.0)    

 

58.3(6.0)    60.0(6.0)    

 

45.5(5.0)     50.0(4.0)    33.3(2.0)  52.7    12.6  23.9

 

60

  

61.5(7.0)    

 

41.7(5.0)    40.0(4.0)     27.3(3.0)     25.0(2.0)    16.7(1.0)  36.8    16.9  45.9

 

90

  

53.8(7.0)    

 

41.7(6.0)    30.0(3.0)    

 

18.2(2.0)     12.5(1.0)     0.0(0.0)   26.0  

  

19.8  76.2

 

Rate

 

0.51   

 

   0.65

 

       0.78

 

          0.91           0. 97

 

  1.39          0.87

  

0.31 35.6
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Time (min)   0.0

  

0.5   1.0           2.0           5.0      10.0
0 100(13.0)    100(7.0)    100(6.0)    100(4.0)    100(3.0)    100(2.50)    100     0.0    0.0   
5 92.3(12.0)   85.7(6.0)   83.3(6.0)   75.0(3.0)   66.7(2.0)    40.0(1.0)   73.8  

  

18.8   25.5
10 84.6(11.0)   71.4(5.0)   66.7(4.0)   50.0(2.0)  33.3(1.0)    0.0(0.0)     51.0   30.7   60.2
20 76.9(10.0)   57.1(4.0)   50.0(3.0)   25.0(1.0)   0.0(0.0)     0.0(0.0)     34.8    31.7   90.1
30 69.2 (9.0)   42.9(3.0)    33.3(2.0)   0.0(0.0)     0.0(0.0)      0.0(0.0)     24.2    29.0   120
60 61.5(8.0)    28.6(2.0)    16.7(1.0)   0.0(0.0)     0.0(0.0)      0.0(0.0)     17.8     24.4    137
90 53.8(7.0)    14.3(1.0)    0.0(0.0)     0.0(0.0)     0.0(0.0)      0.0(0.0)     11.4    21.6   189

Rate 0.51   

  

0.95  1.39

  

3.75  6.67           12.0

  

4.21  

  

4.45   106
  

  

  

Table 15 : Foaming stability (%) of bambara groundnut whole seed using Na2CO3

Salt concentrations (%) Mean  SD  CV%

Table 16 : Foaming stability (%) of bambara groundnut whole seedusing NaNO3

Salt concentrations (%)

    

Mean  SD  CV%

Time (min)   0.0

  

0.5       1.0  2.0           5.0

  

   10.0

0 100(13.0)  100(10.0)    100(8.0)    100(6.0)     100(7.0)      100(4.0)     100   0.0   0.0   
5 92.3(12.0)   90.0(9.0)     87.5(7.0)    83.3(5.0)   85.7(6.0)     75.0(3.0)   85.6 6.09  7.1
10 84.6(11.0)   80.0(8.0)     75.0(6.0)     66.7(6.0)   71.4(5.0)    50.0(2.0)   71.3  12.2 17.1  
20 76.9(10.0)   70.0(7.0)     62.5(5.0)     50.0(3.0)   57.1(4.0)    50.0(2.0)   61.1  10.9 17.8
30 69.2(9.0)     60.0(6.0)     50.0(4.0)    33.3(2.0)    42.9(3.0)    25.0(1.0)    46.7 16.5 35.3 
60 61.5(8.0)    60.0(6.0)     37.5(3.0)    16.7(1.0)    28.6(2.0)   

  

0.0(0.0)     34.1  24.2  71.0
90 53.8(7.0)     50.0(5.0)     25.0(2.0)    0.0(0.0)      14.3(1.0)    0.0(0.0)    23.9   23.7  99.2
Rate        0.15(0.07)      0.56       0.83 1.39       0.95            2.50

  

1.12    0.75  67.0 

Food Properties of Hull, Dehulled and Whole Seed Samples of Bambara Groundnut (Vigna Subterranea       
L. Verdc)



 

 
 

    

  
  
    
   
   
  
   

    
 

  

 

   

  
   
  
  
  
   
   

     
 

Table 17

 

:

  

Foaming stability (%) of bambara groundnut whole seedusing CH3COONa 

 
  

Salt concentrations (%)

    

Mean  SD CV%

 

Time (min) 0.0

  

0.5

 

  1.0

 

          2.0           5.0

 

     10.0

 

0

 

100(13.0)    100(6.0)    100(5.0)    100(3.0)     100(3.0)      100(2.0)   100         0.0      0.0   

 

5

 

92.3(12.0)   83.3(5.0)   80.0(4.0)    

 

66.7(2.0)   83.3(2.50)    50.0(1.0)   75.9      15.2    20.0  

 

10

 

84.6(11.0)   66.7(4.0)   60.0(3.0)    33.3(1.0)   66.7(2.0)       0.0(0.0)   51.9      30.4    58.6 

 

20

 

76.9(10.0)   50.0(3.0)   40.0(2.0)     0.0(0.0)    33.3(1.0)       0.0(0.0)   33.4      29.8    89.2

 

30

  

69.2(9.0)    33.3(2.0)   20.0(1.0)     0.0(0.0)     0.0(0.0)        0.0(0.0)   20.4      27.6     135

 

60

  

61.5(8.0)    16.7(1.0)   20.0(1.0)     0.0(0.0)     0.0(0.0)      0.0(0.0)     16.4      24.0    146

 

90

 

53.8(1.0)      0.0(0.0)     0.0(0.0)            0.0(0.0)     0.0(0.0)      0.0(0.0)     8.97      22.0    245

 

Rate

 

0.51

 

      1.39

 

         1.33

 

   

 

6.67

 

        3.34

  

10.0

 

       3.87     3.73    96.4 

 
 

Table 18

 

:

  

Foaming stability (%) of dehulledbambara groundnut using Na2SO3

 
 

    

  
 

Salt concentrations (%)
    

Mean  SD CV%

 

Time (min)   0.0
  

0.5

 

  1.0

 

          2.0           5.0

 

     10.0

 

0

 

100(13.0)    100(5.0)    100(3.50)    100(4.0)     100(2.0)      100(1.50)   

 

100    0.0      0.0   

 

5

 

92.3(12.0)   80.0(4.0)   85.7(3.0)     87.5(3.5)    100(2.0)     
  

66.7(1.0)    85.4   11.4   13.3

 

10

 

84.6(11.0)   60.0(3.0)   57.1(2.0)     75.0(3.0)     50.0(1.0)      

 

  0.0(0.0)    

 

54.5   29.5    54.1 

 

20

 

76.9(10.0)   40.0(2.0)   28.6(1.0)    50.0(2.0)   
   

0.0(0.0)        

 

0.0(0.0)      32.6   30.0    92.0  

 

30

 

96.2(9.0)     40.0(2.0)   

 

0.0(0.0)     

 

25.0(1.0)    
  

0.0(0.0)        

 

0.0(0.0)     

 

22.4   28.3    126   

 

60

 

61.5(8.0)   20.0(1.0)     0.0(0.0)         0.0(0.0)          0.0(0.0)      0.0(0.0)      13.6   24.8    182

 

90

 

53.8(7.0)   0.0(0.0)    
  

0.0(0.0)        0.0(0.0)          0.0(0.0)       0.0(0.0)    
  

8.96   22.0     245

 

Rate

 

0.51          1.33

 

    3.57

 

      2.50

 

           5.0                 6.66

 

3.26   2.30    70.6
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Table 19 : Water absorption capacity (g/100 g) of bambara groundnuttesta

Concentrationof salts (%) Water absorption capacity 
   

Mean        SD      CV%

NaCl Na2CO3     NaNO3      CH3OONa Na2SO3

0.0 280.0 280.0        280.0
  

280.0
  

280.0         280.0          280.0         0.0
0.5 300.0 300.0        300.0 260.0

  
270.0          286            19.5           0.07

1.0 400.0 350.0        290.0 270.0
  

250.0          312             61.8          0.19
2.0 290.0 400.0        320.0 300.0

  
280.0          318

  
         48.2        

  
0.15

5.0 280.0 380.0        350.0 320.0
  

270.0          320             46.4          0.15 
10.0 270.0 390.0         330.0 280.0 280.0          310              505           0.16

Concentration 
  

Water absorption capacity                   Mean   SD     CV% 

of salts(%) NaCl   Na2CO3    NaNO3    CH3OONa   Na2SO3       

0.0             280.0        280.0        280.0      280.0 280.0
   

280.0     0.0   0.0
0.5   170.0        150.0 170.0     180.0 140.0

  
162.0    16.4       10.0

1.0   200.0       170.0 160.0      200.0 160.0
  

178.0     20.5      11.5
2.0   180.0       180.0 180.0      220.0 150.0

  
182.0     24.9      13.7

5.0  190.0       200.0 200.0      240.0 170.0
  

200.0     24.5     12.3
10.0

  
220.0    190.0 170.0      200.0 160.0

  
188.0     23.9    12.7

  
       

 

Table 20 : Water absorption capacity (g/100 g) of dehulled Bambara groundnut

Food Properties of Hull, Dehulled and Whole Seed Samples of Bambara Groundnut (Vigna Subterranea       
L. Verdc)



 

 
 

 

    

 

  

   

     
       

       
        
       

      
 

  

 
  

  
 

      
       
      
      
       

      
 

  

 
 

Concentration 

 

Water absorption Capacity                 
   

Mean    SD     CV%

 

of salts(%)  NaCl   Na2CO3

  

    NaNO3    CH3OONa   Na2SO3      

 

0.0          

 

280.0        280.0          280.0

 

     280.0

 

280.0

 

                280.0
  

   

 

0.0     
  

0.0

 

0.5

 

  100.0        120.0

 

  150.0

 

     160.0

 

220.0
  

150.0

 

   

 

45.8     30.5  

 

1.0

 

  110.0        140.0

 

  160.0

 

     180.0

 

230.0
  

164.0

 

    45.1    

 

27.5

 

2.0

 

  150.0        110.0

 

  180.0

 

     220.0

 

150.0
  

162.0

 

    40.9    

 

25.2

 

5.0

 

  120.0        150.0

 

  160.0

 

     160.0

 

210.0
  

160.0

 

    32.4     20.3

 

10.0

 

  140.0        150.0

 

  210.0             170.0

 

      240.0            182.0

 

   

 

42.1    23.1

 
 

   

 
 

Concentration

  

Emulsion capacity of salt      

  

Mean

 

   SD     CV% 

 

of salt (%)

 

 

NaCl   Na2CO3

  

  NaNO3     CH3OONa   Na2SO3

 

  

  

            

0.0

 

   13.0

 

15.0

 

     15.0

 

     

 

15.3

 

      15.0

  

14.7

 

  0.94

 

      6.4

               

0.5     

 

   14.3

  

14.3

 

     23.0

 

      16.0

 

      21.4

  

17.8

 

  4.12            23.1

 

19

G
lo
ba

l
Jo

ur
na

l
of

Sc
ie
nc

e
Fr

on
tie

r
R
es
ea

rc
h 

  
  
  
 V

ol
um

e
X
III

X
II

 I
ss
ue

  
  
 e

rs
io
n 

I
V

II
Y
ea

r
  

2 0
13

  
 B
)

)

  1.0 15.0  16.0      22.0      18.4       22.0  18.7   3.27           17.5
2.0    16.3    18.0      24.0     20.0         23.0  20.3            3.25          16.0
5.0    20.0    16.0      25.0     22.2      21.0  20.9           3.18           15.2

10.0    21.0    22.0      24.0     23.0      24.0  22.8            1.30           5.7 

Table 23  : Emulsion capacity (g/100g) of dehulledbambara groundnut in various salt concentrations

Concentration Emulsion capacity of salt            
   

Mean   SD     CV%

of salts (%)  
NaCl Na2CO3 NaNO3 CH3OONa Na2SO3      

0.0 13.0 15.0      15.0     15.3   15.0  14.7   0.94    6.4
0.5 15.0 19.0      23.0     20.4   20.4  19.6   2.93    14.9
1.0 16.2 20.0      22.0     22.2   30.9         22.3   5.40    24.2

© 2013  Global Journals Inc.  (US)

  
2.0 20.0 21.4      25.5     23.0   27.0  23.4   2.88    12.3
5.0 21.0 18.8      26.3     21.0   28.0  23.0   3.92            17.0
10.0 23.5 22.0      25.3     24.7    29.3  25.0    2.73    10.9

Table 24 : Emulsion capacity (g/100 g) of bambara groundnut whole seed in various salt

Concentration
Of salt (%)   Emulsion capacity of salts           Mean    SD     CV%  

NaCl Na 2CO 3     NaNO3 CH3OONa Na2SO3   
0.0 13.0 15.0      15.0     15.3   15.0  14.7   0.94      6.4
0.5 22.0 25.0      24.0     24.0   32.0  25.4   3.85           15.2
1.0 23.0 26.0      26.5     23.5   33.0  26.4   3.99     15.1
2.0 22.5 28.3      25.0     25.0   29.0  26.0    2.67     10.3
5.0 24.0 27.0      28.0     26.5   35.0  28.1    4.13          14.7
10.0  25.3 28.6      29.6     28.0    34.3  29.2    3.29    11.3

    

      

Table 21 : Water absorption capacity (g/100 g) of whole seed ofbambara groundnut

Table 22 : Emulsion capacity (g/100g) of bambara groundnut testa in

various salt concentrations

Food Properties of Hull, Dehulled and Whole Seed Samples of Bambara Groundnut (Vigna Subterranea       
L. Verdc)

   



 

 
 

                   
                   
                   
                 

 

  

   
 
 

        

        
        
        
        
       

        

  

 
 

  

      

        
       
        
        
       

        

Table 25  :

  

Least gelation concentration of bambara groundnut testa in salt concentrations

 

 

Concentration of    Least gelation concentration (%)            Mean   SD   CV% 

 

salts in water (%)  NaCl   Na2CO3

  

    NaNO3    CH3OONa   Na2SO3            
0.0             

  
  6.0

 

  
6.0   6.0

 

  
6.0

 

      6.0   6.0      6.0

 

  
0.0   

 

0.5

   

6.0

 

  
6.0   6.0

 

  
6.0

 

      8.0   6.4       0.89   0.14

 

1.0

   

4.0

 

  
6.0   6.0

 

  
8.0

 

      6.0   6.0       1.41  

 

0.24

 

2.0

   

8.0

 

  
8.0   6.0

 

  
4.0

 

      6.0   6.4       1.67  

 

0.26

 

5.0

   

4.0

 

  
6.0   4.0

 

  
6.0

 

      4.0   4.8       1.09  

 

0.23

 

10.0

   

6.0  4.0  4.0

 

   4.0

 

      6.0   4.8       1.09  

 

0.23

 
 

Table 26

 

:
  

Least gelation concentration of dehulledbambaragroundnut in salt concentrations

 

 

Concentration of    Least gelation concentration(%)           
   

Mean  SD  CV% 

 

salts in water (%)  NaCl   Na2CO3

  

    NaNO3    CH3OONa   Na2SO3          

  
0.0               

  
2.0

 

  2.0
  

2.0

 

  2.0
  

2.0

 

2.0

 

  0.0         0.0   
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0.5               2. 0   2.0 6.0   4.0 6.0         4.0    2.0        0.5

    

  

   

  

    

  
1.0

   

4.0  4.0

  

4.0   2.0

  

2.0 3.2         

   

1.09      0.34
2.0

   

2.0   2.0

  

6.0

  

4.0

  

4.0 3.6            1.67      0.46
5.0

   

4.0  4.0

  

4.0

  

4.0

  

2.0 3.6            0.89      0.25
10.0

   

4.0 2.0

  

4.0

  

2.0

  

2.0 2.8            1.09      0.39

Table 27 : Least gelation concentration of whole bambara groundnut in salt concentrations

Concentration of    Least gelation concentration (%)          

   

Mean   SD  CV% 

salts in water (%)  NaCl    Na2CO3     NaNO3    CH3OONa   Na2SO3          

  0.0               

  

8.0   8.0

  

8.0   8.0

  

8.0   8.0

  

0.0       0.0   
0.5

   

8.0   8.0

  

6.0   6.0

  

8.0   6.8

  

1.09     0.16
1.0

   

6.0   6.0

  

8.0   8.0

  

6.0   6.8

  

1.09     0.16
2.0

   

6.0   6.0

  

8.0   8.0

  

6.0   6.8

  

1.09     0.16
5.0

   

6.0   6.0

  

6.0   8.0

  

8.0

  

6.8           1.09 0.16
10.0   8.0 6.0 8.0    6.0 6.0 6.8           1.09  0.16

   

Salt 

  

Percentageconcentration Molairty

  

Ionic strength
NaCl 0.5

  

              8.5 x 10
-4

  

8.5 x 10-4

  
NaCl

  

1.0

  

               1.7 x 10-3 

  

1.7 x 10-3 

NaCl 2.0

  

               3.4 x 10-3 

  

3.4 x 10-3 

NaCl

  

5.0

  

               8.1 x 10-3 

  

8.1 x 10-3 

NaCl

  

10.0

  

               1.5 x 10-2 

  

1.5 x 10-2 

Na2CO3 

  

0.5

  

4.7 x 10-4 

  

1.4 x 10-3

Na2CO3 

  

1.0

  

9.3 x 10-4 

  

2.8 x 10-3

Na2CO3 

  

2.0

  

1.8 x 10-3 

  

5.4 x 10-3

Na2CO3 

  

5.0

  

4.5 x 10-3 

  

1.35 x 10-2 

Na2CO3 

  

10.0

  

8.5 x 10-3

  

2.6 x 10-2

NaNO3 

  

0.5

  

5.9 x 10-4 

  

5.9 x 10-4 

NaNO3 

  

1.0

  

1.2 x 10-3 

  

1.2 x 10-3

NaNO3 

  

2.0

  

2.3 x 10-3 

  

2.3 x 10-3

NaNO3             5.0 5.6 x 10-3 5.6 x 10-3

NaNO3               10.0 1.1x 10-2 1.1 x 10-2 

Table 28 : Various salts concentrations [percentage, molarity and ionic strength (μ)]

Food Properties of Hull, Dehulled and Whole Seed Samples of Bambara Groundnut (Vigna Subterranea       
L. Verdc)



 

 
 

 

 
    
   

   
   

 

    

 
   

     
     
     
     
     
   
 

  

  
  

 

   
 
 

  
  
  
  
  

  

  

  

  

 

 

     

 

     

   

CH3 COONa           

 

0.5

   

6.1 x 10-4 

  

6.1 x 10-4 

 

CH3 COONa

  

1.0

   

1.2 x 10-3                1.2 x 10-3 

 

CH3 COONa

  

2.0

   

2.4 x 10-3 

  

2.4 x 10-3

 

CH3 COONa

  

5.0

   

5.8 x 10-3 

  

5.8 x 10-3 

 

CH3 COONa         10.0

   

1.1 x 10-2 

  

1.1 x 10-2 

 

Na2SO3 

   

0.5

 

  

3.9 x 10-4 

  

1.2 x 10-3 

 

Na2SO3 

 

 

              

 

1.0

   

7.9 x 10-4 

  

2.4 x 10-3 

 

Na2SO3  

   

2.0

 

  

1.6 x 10-3 

  

4.8 x 10-3

 

Na2SO3  

   

5.0

 

  

3.8 x 10-3 

  

1.14 x 10-2

 

Na2SO3 

  

10.0

 

  

7.1 x 10-3 

  

2.14 x 10-2  
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Figure 1 : Protein solubility (%) vs pH  at different Na2SO4 concentrations in testa

Food Properties of Hull, Dehulled and Whole Seed Samples of Bambara Groundnut (Vigna Subterranea       
L. Verdc)
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Figure 2 : Protein solubility (%) vs pH at different  Na2CO3 concentrations in testa

Figure 3 : Protein solubility (%) vs pH at different Na2SO3 concentrations in testa

Food Properties of Hull, Dehulled and Whole Seed Samples of Bambara Groundnut (Vigna Subterranea       
L. Verdc)
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Figure 4  :  Protein solibility (%) vs pH at different CH3COOH concetrations in testa

Figure 5 : Protein solubility (%) vs pH at different NaNO3 concentrations in testa

Food Properties of Hull, Dehulled and Whole Seed Samples of Bambara Groundnut (Vigna Subterranea       
L. Verdc)
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Figure 6 : Protein solubility (%) vs pH at different Na2SO4 concentrations in dehulled sample

Figure 7 : Protein solubility (%) vs pH at different Na2CO3 concentrations in dehulled sample
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Figure 8 : Protein solubility (%) at different Na2SO3 concentrations in dehulled sample

Figure 9 : Protein solubility (%) vs pH at different CH3COONa concentrations in dehulled sample
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Figure 10  : Protein solubility (%) vs pH at different NaNO3 concentrations in dehulled sample

Figure 11 : Protein solubility (%) vs pH at different Na2SO4 concentrations in whole seed sample
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Figure 12 : Protein solubility (%) vs pH at different Na2CO3 concentrations in whole seed sample

Figure 13 : Protein solubility (%) vs pH at different Na2SO3 concentrations in whole seed sample
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Figure 14 : Protein solubility (%) vs pH at different CH3COONa concentrations in whole seed sample

Figure 15 : Protein solubility (%) vs pH at different NaNO3 concentrations in whole seed sample
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I. Introduction 

chiff bases have been widely used as ligands in 
the formation of transition metal complexes. Schiff 
base ligands containing various donor atoms like 

O,N,S show broad biological activity and are special 
interest because of the variety of ways in which they are 
bonded to the transition metal ions 1,2. The Schiff bases 
of salicylaldehyde and amino pyridines have been 
characterized in solid state and in ligand solution 3,4  and 
proposed as highly sensitive spectrometric and 
spectrofluorimetric reagents for Cu(II) 5,6. 

 Metal complexes of Schiff bases show 
biological activities including antibacterial, antifungal, 
anticancer and herbicidal 7, 8.  The Schiff base 
complexes and derivatives of Coumarin, thiazolidinone 
and triazoles so far reported as anti-inflammatory9, anti-
oxidant 10 , vascorelant 11 , Cytotoxic 12 , anti HIV 13 , anti-
tubercular 14  and anti-microbial 15 and develop effective 
therapies 16 . The medical application in the treatment of 
wounds and tumors, where the metal complex 
compounds of triazole is to impart strength, elasticity 
and impermeability of water 17. The metal complexes are 
still a major line of approach to develop new drugs. 
Thiazolidine ring present in a large number of 
biologically active compounds, the development of 
penicillin which shows the thiozolidine ring. However, 
analogous heteroaromatic Schiff bases derived from 3-
aldehydosalic acid (3ASA) have not been investigated 
so thoroughly the synthesized Schiff bases and metal 
complexes have been found to possess biological 
activity. The present developments of above Schiff 
bases with metal ions are most fascinating. The 
continuation of work on the synthesis of Schiff base 
derived from 3-aldehydosalicylic acid and its complex 
compounds with metal ions at different pH. All the Schiff 
bases were synthesized followed by standard 
procedures18, 19 contains the acidic groups such as –
COOH and -OH (Phenolic) groups.  It is predicted that 
the coordination behavior of ligand would be developed 
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Abstract - The synthesis of new Schiff base ligands formed 
by the condensation of 3-Aldehydosalicylic acid with 
equimolar quantities of 2-Amino-5-methyl pyridine, 4-Amino-5-
phenyl-3-mercapto-[1,2,4] -Triazole, 4-Amino-3-methyl-5-
mercapto-Triazole, 7-Amino-4-ethyl Coumarin forming 2-(5-
methyl pyridine-2-yl amino)-methyl-2-hydroxy-Benzoic acid 
(Scheme 1), 3-[(3-phenyl-5-mercapto-[1,2,4] triazole-4-yl 
amino)-methyl] -2-hydroxy-Benzoic acid (Scheme 4), 3-[(3-
methyl-5-mercapto-[1,2.4] triazoile-4-yl amino)-methyl]-2-
hydroxy-Benzoic acid (Scheme 7), 3-[(4-Ethyl-Coumarin-7-yl 
amino)-methyl] -2-hydroxy-Benzoic acid (Scheme 11).

The coordination complexes of metal ions like Cu(II), 
Zn(II), Ni(II), Co(II), Cd(II) with the  Schiff base ligands (LH2) 
having  N- and S- donor system have been synthesized at 
various pH ranges. All the synthesized ligands and metal 
complexes were characterized by elemental analysis, IR, 
1HNMR and Mass spectral data. Hence, the study reveals that 
the Schiff base ligands involved the donor groups – COOH, -
OH, -SH and Nitrogen atom. The ligand LH2 in metal 
complexes Scheme 2, 5, 8 behaves as a monobasic bidantate 
OO-donor at pH- 4 suggesting the non-involvement of 
Nitrogen and Sulphur atoms present in the Schiff base ligands. 
At the same pH-4 the (Scheme 12) also monobasic bidantate 
ON- donor. 

At pH-7 the ligands behave as dibasic tridentate 
OON-donor (Scheme 4), OOS-donor (Scheme 9), OON- donor 
(Scheme 13) suggesting the non-involvement of sulphur atom 
with metal ion in (Scheme 4) and in (Scheme 13) and non-
involvement of Nitrogen atom with metal ion in (Scheme 9). In 
case of (Scheme 9) sulphur makes coordination with metal ion 
first rather than Nitrogen atom because of its electronic 
configuration. 

At pH-9 the ligand behaves as dibasic tetra dentate 
OOSN- donor with metal ions, suggesting the coordination of 
Nitrogen and Sulphur atom to the metal ions in the 
coordination complex (Scheme 6). And (Scheme 10). At the 
same pH-9 the ligand behaves dibasic tetra dentate of OONO-
donor, suggesting the coordination of Nitrogen atom and 
Oxygen atom of Coumarine unit to the metal ions in the 
complex compounds.  

σ ρ



 

 
 

on pH using different reaction conditions and are 
markedly different from these reported by Nag et al 20.
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H
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 2-(5-methyl pyridine-2-yl amino)-methyl-2-hydroxy-
Benzoic acid (Scheme 1)
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3-[(3-phenyl-5-mercapto-[1,2,4] triazole-4-yl amino)-
methyl] -2-hydroxy-Benzoic acid (Scheme 4)
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[M (LH) 2]:  M= Cu, Zn Cd.   OO-

 

donor    At pH= 4 
(Scheme 5).
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[ML(EtOH)2]: M+ Zn, Cd, Cu, Ni, Co.  OONS-donor  At 
pH=9 (Scheme 6)
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[ML(EtOH)2]: M+ Zn, Cd, Cu, Ni, Co.  OONS-donor  

 
At 

pH=9 (Scheme 6)
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3-[(3-methyl-5-mercapto-[1,2.4] triazoile-4-yl amino)-
methyl]-2-hydroxy-Benzoic acid (Scheme 7)
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[ML2] M: Cu, Zn, Cd.   OO-donor at pH= 4 (Scheme 8).
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[M (LH)2] M: Zn, Cd. OOS-donor at pH= 9 (Scheme 9). 
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[ML(EtOH)2]  M: Cu, Zn, Ni, Co, Cd.  OOONS-

 

donor at 
pH=9
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3-[(4-Ethyl-Coumarin-7-yl amino)-methyl] -2-hydroxy-
Benzoic acid (Scheme 11)
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 Scheme 13[ML(EtOH)] M: Zn, Cd.    OON-donor at pH= 

7 (Scheme 13.

 

 

 

[ML (EtOH) 2]  M: Cu, Zn, Ni, Co, Cd.  OONO-

 

donor at 
pH=9 (Scheme 14)

 

II.

 

Results and Discussion

 

All the Schiff base ligands were dark yellow in 
colour; they were air and moisture free crystalline solids. 
They were sparingly soluble in water, in aqueous sodium 
hydroxide solution. But, easily soluble in alcohol, owing 
to the possession of the –OH (Phenolic) and –COOH 
(Carboxylic) groups. The synthesis of coordination 
complexes with selected metal ions at various reaction 
conditions reported as follows:

 
 

An aqueous or 50% water-ethanol solution of 
the Schiff base ligands LH2

 

Scheme 1,4,7,11 react with 
metal ions in (2:1) molar ratio forming metal complexes 
of the type [M(LH)2] where M= Cu(II),Zn(II) and Cd(II). 
Hence, the formed metal complexes Scheme 2,5,8,12 
indicating monomeric nature of metal complex with OO-
donor at pH-4.  

 

MCl2 + 2LH2

 

(aq) ----------------     [M (LH)2]  + 2HCl.

 

Whereas M = Cu (II), Zn (II), and Cd (II).

 

50%  water-

 

alcohol solution of Schiff base 
ligands (Scheme 1,4,7,11) refluxed separately with 
alcoholic solution of metal ions in an equimolar 
quantities, forming the metal complexes of the type 
[M(LH)2]: M= Zn, Cd, Scheme 3 suggesting the 
monomeric nature of metal complexes with OON-

 

donor 
at pH-7. Scheme 9 also indicating the monomeric nature 
of metal complex with OOS-

 

donor at pH-7.
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[M(LH)2] M: Cu, Zn, Cd.   ON- donor at pH=4 
(Scheme 12).

EtOH

MCl2 (alc) + 2LH2 (alc) ----------------[M (LH) 2] + 
2HCl.

Reflux

In the same pH condition Scheme 13 were 
formed suggesting the monomeric nature of the metal 
complex with OON- donor.  

The alcohol solution of metal ions react with an 
alcoholic solution of LH2 (Scheme 4) in 1:1 ratio in the 
presence of sodium- ethoxide and forming the bimetallic 
complexes of the type  [ML (EtOH)2] (Scheme 6), 
(Scheme 10)  and (Scheme 14) where M= Cu , Zn, Ni, 
Co and Cd. Suggesting dimeric nature of metal 
complexes with OONS-donor, OONS- donor and 
OONO- donor respectively at pH-9.

EtOH

2MCl2 + 2LH2 ----------------- [ML (EtOH)] 2 +4 HCl

Reflux

M= Cu (II), Zn (II), Ni (II), Co (II), Cd (II).

     All the synthesized metal complexes were 
sparingly soluble in water but were fairly soluble in 
absolute alcohol.

The physical characteristics and analytical data 
of the Schiff base ligands and metal complexes formed 
at various pH conditions reported in Table 1. The 



 

 
 

 

    

 

 

  

 

 

 
  

 

 

   

 

 

 
 

compounds Scheme 3, 9, 13, formed at pH-7 showed 

monomeric nature and the complexes Scheme 4, 6, 10, 
14 at pH-9 showed diametric in nature. The synthesized 
complex compounds remained stable up to certain 
temperature and pH as recorded in the Table 2.

 
 
 

Table 1

 

:

  

The Physical and Analytical data of ligands and their Metal Complexes

 

    

Scheme

 

Mol.Formula

 

Mol.Wt.

 

(Obs)

 

Metal Ions

 

C

 

(Obs)

 

H

 

(Obs)

 

N

 

(Obs)

 

S

 

(Obs)

 

1.

 

C14H12O3N2

 

256

 

----

 

65.63

 

4.69

 

10.94

 

----

 

2.

 

Cu C28H20O6N4

 

573.5

 

11.07

 

58.59

 

3.49

 

9.77

 

----

 
 

Zn C28H20O6N4

 

575.7

 

11.41

 

58.36

 

3.47

 

9.73

 

----

 
 

Cd C28H20O6N4

 

622.4

 

18.06

 

53.99

 

3.21

 

8.99

 

----

 

3.

 

Zn C28H20O6N4

 

573.7

 

11.45

 

58.57

 

3.49

 

9.76

 

----

 
 

Cd C28H20O6N4

 

620.4

 

18.12

 

54.16

 

3.22

 

9.03

 

----

 

4.

 

C16H12O3N4S

 

340.0

 

----

 

56.47

 

3.53

 

16.47

 

9.41

 

5.

 

CuC32H20O6N8S2

 

739.5

 

8.59

 

51.93

 

2.70

 

15.15

 

8.65

 
 

ZnC32H20O6N8S2

 

741.7

 

8.86

 

51.77

 

2.69

 

15.10

 

8.63

 
 

CdC32H20O6N8S2

 

788.4

 

14.26

 

48.70

 

2.54

 

14.21

 

8.12

 

6.

 

Cu2C36H30O8N8S2

 

893.0

 

14.22

 

48.38

 

3.36

 

12.54

 

7.17

 
 

Zn2C36H30O8N8S2

 

897.4

 

14.64

 

48.14

 

3.34

 

12.48

 

7.13

 
 

Ni2C36H30O8N8S2

 

883.4

 

13.29

 

48.90

 

3.40

 

12.68

 

7.25

 
 

Co2C36H30O8N8S2

 

882.2

 

13.17

 

48.97

 

3.40

 

12.70

 

7.26

 
 

Cd2C36H30O8N8S2

 

990.8

 

22.69

 

43.60

 

3.03

 

11.30

 

6.46

 

7.

 

C11H10O3N4S

 

278.0

 

----

 

47.48

 

3.60

 

20.14

 

11.51

 

8.

 

CuC22H16O6N8S2

 

615.5

 

10.32

 

42.89

 

2.60

 

18.20

 

10.40

 
 

ZnC22H16O6N8S2

 

617.7

 

10.64

 

42.74

 

2.59

 

18.13

 

10.36

 
 

CdC22H16O6N8S2

 

664.4

 

16.92

 

39.74

 

2.41

 

16.85

 

9.63

 

9.

 

ZnC22H14O6N8S2

 

615.7

 

10.67

 

42.88

 

2.27

 

18.20

 

10.40

 
 

CdC22H14O6N8S2

 

662.4

 

16.97

 

39.86

 

2.11

 

16.91

 

9.66

 

10.

 

Cu2C26H26O8N8S2

 

769.0

 

16.52

 

40.57

 

3.38

 

14.56

 

8.32

 
 

Zn2C26H26O8N8S2

 

773.4

 

16.99

 

40.34

 

3.36

 

12.41

 

8.28

 
 

Ni2C26H26O8N8S2

 

759.4

 

15.46

 

41.09

 

3.42

 

14.75

 

8.43

 
 

Co2C26H26O8N8S2

 

758.2

 

15.33

 

41.15

 

3.43

 

14.77

 

8.44

 
 

Cd2C26H26O8N8S2

 

866.8

 

25.94

 

35.99

 

2.99

 

12.92

 

7.39

 
        

Scheme

 

Mol.Formula

 

Mol.Wt.

 

(Obs)

 

Metal Ions

 

C

 

(Obs)

 

H

 

(Obs)

 

N

 

(Obs)

 

S

 

(Obs)

 

11.

 

C19H15O5N

 

337.0

 

----

 

67.66

 

1.34

 

4.15

 

----
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indicated the monomeric nature of complex compounds 
Scheme 2,5,8,12 at pH-4. The metal complex 

12. Cu C38H28O10N2 735.5 8.63 61.99 3.81 8.70 ----
Zn C38H28O10N2 737.7 8.91 61.81 3.80 3.80 ----
Cd C38H28O10N2 784.4 14.33 58.13 3.57 3.57 ----

13. Zn C21H19O6N 446.7 14.71 56.41 4.25 3.13 ----
Cd C21H19O6N 493.4 22.78 51.07 3.85 2.84 ----

14. Cu2C42H38O12N2 889 14.29 56.69 4.28 3.15 ----
Zn2C42H38O12N2 893.4 14.71 56.41 4.25 3.13 ----
Ni2C42H38O12N2 879.4 13.35 57.31 4.32 3.18 ----
Co2C42H38O12N2 878.2 13.23 57.39 4.33 3.19 ----
Cd 2C 42H 38O 12N 2 986.8 22.78 51.07 3.85 2.84 ----

14 9 [ML(EtOH)2] Dimeric 94 C OONO donor

© 2013  Global Journals Inc.  (US)

molecular measurements of the complex compounds 

Table 2 : The synthesized organometallic complex compounds and the nature of coordination

scheme pH Metal-
complex

Nature of 
Complex

Stable up to 
Temp.in oC

Donor-Atoms

2 4 [M(LH)2] Monomer 236oC OO-donor
3 7 [ML2] Monomer 228oC OON-donor

5 4 Monomer 232oC OO-donor



 

 
 

        
        
        

        
        

        
        
        
        
        

   

 
   

   
 

      
      
      
      
      
      
      
      
      
      

 
 

a)

 

Characterization of the Schiff Base Ligands

 

The IR Spectra of Schiff base ligands (Scheme 
1,4,7 and 11) and metal complex compounds (Scheme 
2,5,8,12) at pH-4,  pH-7  (Scheme 3,9 and 13)  and the 
metal complexes at pH-9 (Scheme 6,10 14) were 
recorded in KBr pellets. The IR spectra of the 3ASA 
ligands exhibit intra molecular H-bonded (carboxylic –
√(COOH) and Phenolic –√(OH) groups) stretches at 
2910 Cm-1

 

and 2710 Cm-1, √(C=O) carboxylic stretches 
at 1695 Cm-1, √(C -O) phenolic stretches at 1575 Cm-1

The IR spectra of Aniline compounds show a 
characteristic band due to √(N -H) at 3260 Cm-1

 

another 
band at 1100 Cm-1

 

is due to √(C=S). After the 
deprotonation of N-H moiety of Triazole indicated by the 
absence of the bands in the metal complexes at 3260 
Cm-1  and 1100 Cm-1

 

respectively due to √(N -H) and 
√(C=S). 

 

A new band seen at 745 Cm-1

 

assigned to √(C -
S), this type of band indicates the complexation of the 
metal ion through sulphur atom. A band 458 Cm-1 to 
421 Cm-1, supported to know, √(M-S)  band formation in 
the metal complex formation. 

 

A sharp band in the region 1620 Cm-1

 

-1601 
Cm-1

 

for
 
√(N=C) 21

 

in case of ligand is shifted to higher 
region 1628 Cm-1

 

to 1612 Cm-1

 

in the spectra of metal-
complexes 22

 

 

indicating coordination through the ligands 
nitrogen atom to the metal ion. The formation of a metal 
Nitrogen bond is further supported by the presence of a 

band at 578 Cm-1

 

for √(M -N)23

 

indicating the 
coordination of ligand to the central metal atom through 
the Nitrogen atom of the ligands. The IR-spectral data of 
ligands and the metal complexes listed in Table 3.

 

b)

 

1HNMR

 

–

 

SPECTRA

 

1HNMR spectra of ligands and metal complexes 
were recorded in recorded in DMSO-

 

d6 using tetra 
methyl silence (TMS) as internal standard. The 1HNMR-
spectra of Schiff bases show the –SH proton at δ13.2 –

 

δ13.7 ppm. Disappearance of this signal to the –SH 
proton in the metal complexes.  In the metal complexes 
the deprotonation of the thio-group and this supported 
the coordination of ligand through sulphur atom to the 
central metal ion.

 

1HNMR-Spectra of triazole ligands, the signals 
of NH2 protons appear at  δ10.3 ppm and δ

 

9.2 ppm. 
These signals shifted to high field in the spectra of the 
metal complexes. In Scheme 6 , Scheme 10 in both 
cases the signals shifted and appear at δ9.5 ppm to 
δ9.7 ppm for organ metallic complexes with the ligand 
molecules. This indicates the bonding through the 
Nitrogen atom of the Schiff base ligands to the central 
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metal ion. The aromatic protons gave signals at δ1.2 
ppm – δ 1.3 ppm. The 1HNMR spectroscopic data of 
the ligands and their metal complexes are given in the 
Table 4.

Table 3 :
  

IR Spectroscopic data (Cm-1) of the ligands and their metal complexes

Scheme
Functional 

group
IR-Values 
in Cm-1 Scheme

Functional 
group

IR-Values in 
Cm-1

Scheme1 √(-COOH) 3300cm-1 Scheme8 √(-COO-) 1748 cm-1

“ √(-OH) 3150 cm-1 ‘’ √(-C=N) 1628 cm-1

‘’ √(-C=N) 1675 cm-1 ‘’ √(-C-H) 3000 cm-1

‘’ √(-C-H) 3000 cm-1 ‘’ √(-C=O) 1690 cm-1

‘’ √(-C=O) 1690 cm-1

Scheme2 √(-COO-) 1748 cm-1 Scheme9 √(-COO-) 1748 cm-1

‘’ √(-C=N) 1675 cm-1 ‘’ √(-C=N) 1628 cm-1

‘’ √(-C-H) 3000 cm-1 ‘’ √(-C-H) 3000 cm-1

‘’ √(-C=O) 1690 cm-1 ‘’ √(-C=O) 1690 cm-1

Scheme10 √(-COO-) 1748 cm-1

Scheme3 √(-COO-) 1749 cm-1 ‘’ √(-C=N) 1628 cm-1

‘’ √(-C=N) 1620 cm-1 ‘’ √(-M-S) 458 cm-1

‘’ √(-C=O) 1690 cm-1 ‘’ √(-C=O) 1690 cm-1

‘’ -M- 578 cm-1 ‘’ -M- 577 cm-1

6 9 [ML(EtOH)2] Dimeric 101oC OONS-donor
8 4 [ML2] Monomer 218oC OO-donor
9 9 [M(LH)2] Monomer 230oC OOS-donor

10 9 [ML(EtOH)2] Dimeric 98oC OONS-donor
12 4 [M(LH)2] Monomer 212oC ON-donor
13 7 [ML(EtOH)] Monomer 89oC OON-donor
14 9 [ML(EtOH)2] Dimeric 94oC OONO-donor



 

 
 

  

 
 

 
 
 
 

. 
 

  
  

  
       

       
       
       
       

       
       
       
       
    

  
  

       
       
       
 

√( M N)

    

√( M

  

Scheme4

 

√(-COOH)

 

3300 cm-1

  

Scheme11

 

√(-COOH)

 

3300 cm-1

 

‘’

 

√(-OH)

 

3149 cm-1

  

‘’

 

√(-OH)

 

3150 cm-1

 

‘’

 

√(-C=N)

 

1628 cm-1

  

‘’

 

√(-C=N)

 

1628 cm-1

 

‘’

 

√(-C-H)

 

3000 cm-1

  

‘’

 

√(-C-H)

 

3000 cm-1

 
     

√(-C=O)

 

1690 cm-1

 

Scheme5

 

√(-COO-)

 

1748 cm-1

  

Scheme12

 

√(-COOH)

 

3300 cm-1

 

‘’

 

√(-C=N)

 

1628 cm-1

  

‘’

 

√(-M-N)

 

578 cm-1

 

‘’

 

√(-C=O)

 

1690 cm-1

  

‘’

 

√(-C=N)

 

1628 cm-1

 

‘’

 

√(-C-H)

 

3000 cm-1

  

‘’

 

√(-C-H)

 

3000 cm-1

 
    

‘’

 

√(-C=O)

 

1690 cm-1

 

Scheme6

 

√(-COO-)

 

1748 cm-1

  

Scheme13

 

√(-COO-)

 

1748 cm-1

 

‘’

 

√(-C=N)

 

1628 cm-1

  

‘’

 

√(-C=N)

 

1628 cm-1

 

‘’

 

√(-C=O)

 

1690 cm-1

  

‘’

 

√(-C=O)

 

1690 cm-1

 

‘’

 

√(-M-S)

 

458 cm-1

  

‘’

 

√(-M-N)

 

578 cm-1

 
    

‘’

 

√(-C-H)

 

3000 cm-1

 

Scheme7

 

√(-COOH)

 

3300 cm-1

  

Scheme14

 

√(-COO-)

 

1748 cm-1

 

‘’

 

√(-OH)

 

3150 cm-1

  

‘’

 

√(-C=N)

 

1628 cm-1

 

‘’

 

√(-C=N)

 

1675 cm-1

  

‘’

 

√(-C=O)

 

1690 cm-1

 

‘’

 

√(-C-H)

 

3000 cm-1

  

‘’

 

√(-M-N)

 

578 cm-1

 

‘’

 

√(-C=O)

 

1690 cm-1

  

‘’

 

√(-C-H)

 

3000 cm-1

 
  

Table 4

  

:  1HNMR Chemical shifts of the ligand and their metal complexes

.

 

Compound

 

Aromatic H

 

-CH3

 
 

-CH2

 

-CH=N

 

-SH

 

Scheme 1

 

7.1 –

 

8.0 (m)

 

δ

 

1.2(t)

 
 

----

 

δ

 

10.3(s)

 

----

 

Scheme 2

 

7.1 –

 

8.0 (m)

 

δ

 

1.2(t)

 
 

----

 

δ

 

10.3(s)

 

----

 

Scheme 3

 

7.1 –

 

8.0 (m)

 
 

----

 

----

 

δ

 

10.3(s)

 

----

 

Scheme 4

 

7.1 –

 

8.0 (m)

 
 

----

 

----

 

δ

 

10.3(s)

 

δ

 

13.7(s)
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Scheme 5 7.1 – 7.9 (m) ---- ---- δ 9.7(s) δ 13.7(s)

Scheme 6 6.9 – 8.0 (m) δ 1.3(t) δ 2.7(q) δ 9.5(s) δ 13.6(s)

Scheme 7 6.4 – 7.2 (m) δ 1.3(t) ---- δ 9.2(s) δ 13.7(s)

Scheme 8 6.7 – 7.8 (m) δ 1.2(t) ---- δ 9.4(s) δ 13.6(s)

Scheme 9 6.9 – 8.0 (m) δ 1.3(t) ---- δ 9.3(s) δ 13.6(s)

Scheme 10 6.9 – 7.2 (m) δ 1.2(t) δ 2.8(q) δ 9.4(s) δ 13.2(s)

Scheme 11 7.1 – 8.0 (m) δ 1.2(t) δ 2.9(q) δ 9.2(s) ----

Scheme 12 7.1 – 8.0 (m) δ 1.2(t) δ 2.8(q) δ 9.2(s) ----

Scheme 13 7.1 – 8.0 (m) δ 1.3(t) δ 2.9(q) δ 9.3(s) ----

Scheme 14 7.1 – 8.0 (m) δ 1.3(t) δ 2.8(q) δ 9.7(s) ----

III. Experimental

3-Aldehydosalicylic acid24, 7-Amino-4-ethyl 
Coumarin25, 2-amino-5-methyl Pyridine26, 4-Amino-5-
Phenyl-3-Mercapto-1, 2, 4-Trizole27, 4-Amono-5-methyl-
5-mercapto-Triazole28, and Schiff base compounds 

were prepared by adopting the published standard 
procedures29, 30. The chemicals such as metal 
chlorides, sodium acetate and other solvents were 
obtained from Merck.



 

 
 

   
 

      

     
 

      

     
 

     

     
 

     

     
 

     

     
 

      

     
 

     

     
 

     

     
 

     

     
 

     

 

  

 

a)

 

Synthesis of Schiff Base ligands

 

i.

 

Synthesis of  2-(5-methyl pyridine-2-yl imino)-
methyl-2-hydroxy-Benzoic acid

  
 

Equimolar ethanol solution (50 ml) of 3-
Aldehydosalicylic acid and 2-amino-5-methyl pyridine 
was refluxed for 2 hours in round bottom flask. During 
the reflux a crystalline orange compound was separated 
(Scheme 1) filtered and dried and purified by 
crystallizing in appropriate solvent. Followed by the 
same experimental methods the other Schiff base 
ligands Scheme 4, 7 and 11 were synthesized, the 
compounds were confirmed by physical and analytical 
data, IR and 1HNMR-

 

spectra were evidences for the 
Schiff base formation by the selected compounds.

 

ii.

 

Preparation of Metal Complexes

 

 

All the metal complexes of Schiff bases were 
prepared by the standard reported method The metal 
salts were dissolved in minimum quantity of water and 
the solutions were added to hot ethanolic solution of the 
corresponding Schiff bases. After complete addition, 
little amount of sodium acetate was added and the 
mixture was refluxed for 4 hours. Crystalline solid was 
obtained, which was isolated by filtration, washed with 
hot water and dried in air.

 

b)

 

Antibacterial Activity

 

Antibacterial activity of the all the

 

Schiff base 
ligands and metal-complexes were evaluated against 
Staphylococcus aureus, Bacillus subtitles’, Escherichia 
Coli and pseudomonas aeruginosa.  Bacterial culture 
was prepared; each culture was added to the sterilized 
medium before solidification.

 

The media with bacteria 
was poured into sterilized Petri dishes under aseptic 
condition. Different weights of Schiff base ligands and 
their metal complexes (1 mg, 5 mg and 10 mg) were 
placed on the surface of the culture and incubated at 
30oc for one day.

 

After incubation zone of inhibitions 
(mm) were recorded.

 
 

 

The different types of complex compounds of 
same ligand with metal ions have been obtained by 
varying pH and solvent during their synthesis. The 
basicity and denticity of the Schiff base scheme 1, 
4,7,11 derived from 3-Aldehydosalicylic acid and 

indicates the ligand acts as a dibasic tridentate OON-
donor ligand forming the monometallic complex 
compound of the type [ML (EtOH)]: M= Zn, Cd.
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Metal complexes at Ph-9 the ligands act as a 
dimeric tetra dentate OONS-donor (Scheme 10) and 
OONO-donor (Scheme 14). The basicity and denticity 
confirmed by various methods. The IR Spectra of the 
Schiff bases (Scheme 1,4,7,11) reveals that the non-
involvement of carboxylic atom in coordination at pH-4, 
and metal complexes Scheme 2,5,8,12 reveals that the 
non-involvement of Nitrogen atom in the coordination.  
Here in these metal complexes the carboxylic O-atom 
and O- atom (Phenolic) involved in the coordination by 
exhibiting the δas(COO)  and δs(COO) stretches of 
carboxylate group in the ranges 1560-1650 Cm-1 (i.e., 
1600 Cm-1) and 1340 – 1430  Cm-1 (ie., 1400 Cm-1) 
respectively. The energy difference between  δas(COO)  
and δs(COO) is more than 200 Cm-1 indicates the 
monodentate nature of the carboxylate moiety31.

Acknowledgement

Authors express their sincere thanks to Dr. 
C.N.R.Roa ,  National Research Professor and Chairman 
Vision group on Science and Technology, Bangalore 
and  Dr. Ananth Raj Executive Secretary VGST group 
Bangalore for providing financial support in terms of 
Major projects. The authors are also thankful to Dr. 
B.G.Mulinami Vice Chancellor and Chief Administrative 
Officer and S.H.Lagali, Administrative Officer, BLDE’S 
Association Bijapur for providing necessary facilities 
required to carry out this research work.

REFERENCES  RÉFÉRENCES REFERENCIAS

1. J.H.Pandya and K.I.Ganatra, ICAIJ, 2010,5,221.
2. J.Zhao, B.Zhao, J.Liu, W.Xu and Z.Wang. 

Spectrochim. Acta, Part A, 2001,57,149.
3. S.A.Abdel-Latif, H.B.Hassib and Y.M.Issa Spect-

rochim. Acta, Part A, 2007,67,950.
4. R.Ramesh and S.Maheswaran, J.Inorg. Biochem, 

2003,96,457.
5. Z.Cimerman, N. Galic and B.Bosner, Anal. 

Chim.Acta, 1997,343,145’
6. Z.Cimerman, S. Miljanic and N.Galic, Croat. Chem. 

Acta, 2000,73,81.
7. D.E.Hamilton, R.S.Drage and A.Zombecki, 

J.Am.Chem.Soc., 1987,109,374.  D.Chem and 
A.E.Matel, Inorg.Chem., 1987,26,1026. J.Costa-
magna, J.Vargas, R.Latorre, A.Alvaararade and G. 
Mena, Coord.Chem. Rev., 1992,67,119.

different amines changes considerably with the role of 
pH from 3 to 9. At pH-3 ligands act as monobasic 
bidentate OO-donor ligand forms monometallic complex 
compounds of the type [M(LH)2] where M= Cu,Zn, Cd 
(Scheme 2,5,8,12). At pH-7 the ligand acts as a bibasic 
tridentate OON-donor ligand forming the monometallic 
complex compound of the type [ML2]: M= Zn, Cd 
(Scheme 3). At the same pH-7 the ligand formed OOS-
donor monometallic complex compound of the type [M 
(LH) 2]: M= Zn,Cd (Scheme 9). The Scheme 13 

8. B.M.Kalshetty, T.P.Giraddi, R.T.Pattar, Ramesh Gani 
and M.B.Kalashetti., J.Chem. Bio.Phy. Sci.Sec., 
A.2012,VOL.2.No. 3. 1206-17.

A.E.Matel, Inorg.Chem., 1987,26,1026. J.Costa-
magna, J.Vargas, R.Latorre, A.Alvaararade and G. 
Mena, Coord.Chem. Rev., 1992,67,119.

IV. Conclusions

V.



 

 
 

 
 

 

 

 
  

 
 

  

 

 

  
    

 
  

 
 

 
 

 
 

 
 

 

 
 

 

9.

 

P.M.Ronad, R.D.Hunshi,D.Satayanarayana, V.S.Ma-

 

ddi, Pharm.Chem. life

 

       Science., 2008,341,696.

 

10.

 

Y.K.Tyagi, A.Kumar , H.G.Raja, P.Vohra, G.Gupta. 
Eur.J.Med.Chem., 2005,40,413.

 

11.

 

S.Vilar, E.Quezada, L.Santana, E.Uriate, M.Yanez, 
Fraiz Bio org. Med.Chem.Lett    2006,16,257.

 

12.

 

J.Nawrot-Modranka, E.Nowrot, J.Graczik, 
Eur.J,Med<Chem., 2006,41,1301.

 

13.

 

D. Yu, M.Suzuki, I. Xie, S.I.Netschke, K.H.Lee, Med-
Res. Reiv., 2003,23,322.

 

14.

 

N. Korli, A.Kocabalkanli, A. Gursoy, O. Ates, 
Formica., 2002,57,589.

 

15.

 

K.B.Gudasi, M.S.Patil, R.S.Vadavi , Eur. J. Med. 
Chem., 2008,43,2436.

 

16.

 

K. Coleman, DrugDiscov, Toay ther. Strateg., 
2004,1,455.

 

17.

 

C. Sexena and R.V.Singh, Synth. React. Inorg. 
Metal-org.Chem., 1992,22,1061.

 

18.

 

J.C.Duff and E.J.Bills., J. Chem. Soc., 1932,1987. D. 
Kumar, P.K.Gupta and A.Syamal, India 
J.Chem.Soct., A. 2002,41,2494.

 

19.

 

S.N.Poddar, Anorg.Allg. Chem., 1963,322,326.

 

20.

 

J,K,Nag, S.Pal and C.Sinha, Trans. Met. Chem., 
2005,30,523.

 

21.

 

K.Singh, D.P.Singh, M.S.Barwa, P.Tyagi and 
Y.Mirza, Enz. Inh. Med. Chem.,

 

2006,21,557.

 

22.

 

C.Sexena and R.V.Singh, Phosphorus, Sulphur, 
Silicon Relat. Elem., 1994,97,17.

 

23.

 

S. Belwal and R.V.singh, Appl. Organomet. Chem., 
1998,12,39.

 

24.

 

J.C.Duff and E.J.Bills., J. Chem. Soc., 1932,1987.

 

25.

 

I.I.Grandberg, L.K.Denisov and O.A.Popova, Khim, 
Geterotisikl. Seod in., No.2,147 (1987).

 

26.

 

Joshep V.A, J.H.Pandya, Vivek K. Gupta and 
R.N.Jadeja, J.Indian Chemical, Soc., Vol. 89, 
November 2012,pp.1455-1464.

 

27.

  

B.M.Kalshetty, T.P.Giraddi, R.T.Pattar, Ramesh 
Gani and M.B.Kalashetti., J.Chem. Bio.Phy. 
Sci.Sec., A.2012,VOL.2.No. 3. 1206-17.

 

28.

 

B.M.Kalshetty, T.P.Giraddi, R.T.Pattar, Ramesh Gani 
and M.B.Kalashetti., J.Chem. Bio.Phy. Sci.Sec., 
A.2012,VOL.2.No. 3. 1206-17.

 

29.

 

S.N.Poddar, Anorg.Allg. Chem., 1963,322,326.

 

30.

 

J,K,Nag, S.Pal and C.Sinha, Trans. Met. Chem., 
2005,30,523.

 

31.

 

F.E.Smith, L.E.Khoo, N.K.Goh, R.C.Hynes and 
G.Eng.Can.J.Chem., 1996,74,204.

 
 
 
 
 
 
 

Synthesis, Structural Characterization, Spectral Analysis and Antimicrobial Activities of Schiff Base 
Ligands and Their Metal Complexes Derived from 3-Aldehydosalicylic Acid

37

G
lo
ba

l
Jo

ur
na

l
of

Sc
ie
nc

e
Fr

on
tie

r
R
es
ea

rc
h 

  
  
  
 V

ol
um

e
X
III

X
II

 I
ss
ue

  
  
 e

rs
io
n 

I
V

II
Y
ea

r
  

2 0
13

© 2013  Global Journals Inc.  (US)

  
 B
)

)



 
 

 
 

 
 
 
 
 
 
 
 
 
 

© 2013  Global Journals Inc.  (US)

38

G
lo
ba

l
Jo

ur
na

l
of

Sc
ie
nc

e
Fr

on
tie

r
R
es
ea

rc
h 

  
  
  
 V

ol
um

e
X
III

X
II

 I
ss
ue

  
  
 e

rs
io
n 

I
V

II
Y
ea

r
  

 
  

20
13

  
 B
)

)

Synthesis, Structural Characterization, Spectral Analysis and Antimicrobial Activities of Schiff Base 
Ligands and Their Metal Complexes Derived from 3-Aldehydosalicylic Acid

This page is intentionally left blank 



© 2013. Ibironke A. Ajayi, Flora E. Olaifa  & Muhammed M. Omoniyi. This is a research/review paper, distributed under the terms 
of the Creative Commons Attribution-Noncommercial 3.0 Unported License http://creativecommons.org/licenses/by-nc/3.0/), 
permitting all non commercial use, distribution, and reproduction in any medium, provided the original work is properly cited. 
 

Global Journal of Science Frontier Research 
Chemistry 
Volume 13  Issue 2 Version 1.0  Year  2013 
Type : Double Blind Peer Reviewed International Research Journal 
Publisher: Global Journals Inc. (USA) 
Online ISSN: 2249-4626 & Print ISSN: 0975-5896 

 
Chemical Analysis and Nutritional Assessment of Defatted 
Garcinia Mangostana Seeds Used as an Additive on the Feed 
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Abstract -

 

Chemical analysis and nutritional assessment of 
defatted Garcinia mangostana

 

seeds (DGMS) were 
undertaken to determine its suitability as an additive at 0.00g, 
18.00g, 36.00g, 54.00g and 72.00g inclusion levels in diets 
and performance of Clarias gariepinus

 

post juveniles. 
Proximate analysis of DGMS showed that the defatted seeds 
were high in carbohydrate (71.00 ± 0.79%) but low in protein 
content (8.10 ± 0.22%).  The mineral element analysis 
detected different minerals with potassium as the highest 
(270.00ppm).  All the fish increased in weight and length 
significantly (p<0.05) above the initial values though no 
significant differences were observed among treatments at 
49days in all growth indices showing that the diets were similar 
in nutritional qualities

 

and adequate for growth of fish. 
Hematological analysis showed increments in the final blood 
parameters at day 49 except MCH, MCV and heterophils and 
very high levels of leucocytes and platelets (p<0.05). No 
significant differences were observed in the haemoglobin 
content, AST, ALT, globulins and albumin in fish on DGMS-

 

containing diets. Histology showed sub mucosal congestion in 
gill (36.00g DGMS), severe interstitial congestion in kidney 
(72.00g DGM) and vacuolations in liver in all groups except 
diet 4

 

(54.00g DGMS) and control (0.00g DGMS). However 
higher survival rates were observed in all DGMS-

 

containing 
diets than the control. 

 

Keywords

 

:

 

clarias gariepinus, DGMS, growth 
performance, histology, post juveniles.

 

I.

 

Introduction

 

ncountable plant resources with important 
benefits abound around us unexploited. Many 
have high nutritive values like proteins, 

carbohydrates, lipids and minerals while others have 
industrial potentials as sources of dyes, starches and 
vitamins. Plants hitherto considered of little or no value 
are being investigated, evaluated and developed into 
drugs with little or no side effects (Adedeji et al., 2006). 
Several biological and synthetic compounds have been 
shown to enhance non specific immune system of 
cultivated fish (Cao & Lin, 2003; Lin & Zhang, 2004; 
Sakai, 1999; Shan et al, 1999; Soosean et al. 2010).  

Lack of competition for and high cost of readily available 
nutritive fish feed ingredients have continued to plague 
aquaculture in the competitive global food production 
system (Munguti et al., 2012; Tacon, 1993). In view of 
these, researchers have been studying several plant and 
animal sources as supplement or likely substitutes for 
the conventional ingredients currently in use. Several 
studies have shown that vegetable protein sources have 
high potentials for supplying fish with required protein 
needed for their maximum productivity (Nwanna et al.., 
2008). Protein is the most expensive component of fish 
diets and is usually supplied as fish meal due to its 
balanced amino acid profile (Munguti et al, 2012).  As 
alternatives to fishmeal, plant products tend to be less 
balanced in amino acid profiles than fish meal. 
Omoregie and Ogbemudia (1993) advised that it would 
be more economical to use plant protein and have 
reduced growth rates of aquatic animals than using fish 
meal at high cost.

 

Feed additives are substances which are 
usually included in feeds in trace amounts to preserve 
its nutritional characteristics prior to feeding 
(antioxidants and mould inhibitors), facilitate ingredient 
dispersion or feed pelleting (emulsifiers, binders or 
stabilizers), promote growth (growth promoters, 
antibiotics and hormones), facilitate feed intake and 
acceptance (feeding stimulants and colourants), or 
supply some essential nutrients such as minerals and 
vitamins (Food and Agricultural Organization, 
1987).Some workers have also suggested the addition 
of immunostimulants of biological origin to reduce 
disease outbreaks in fish culture by enhancing the non-
specific immune system (Anderson,1992). 

 

The Genus Garcinia
 

belongs to the family 
Clusiaceae

 
(syn. Guttiferae) which consists of about 35 

genera and up to 800 species (Osman & Milan, 2006). 
The family is pan tropical and comprises mostly of large 
evergreen trees or erect shrubs with smooth, thin bark 
and white or yellow latex.  Garcinia

 
is the biggest Genus 

in the family with about 400 species (Jantan et al., 
2011). The Genus Garcinia

 
has been used in ayurvedic 

preparations to treat disorders and contain bioactive 
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benzophenone derivatives like garinol, xanthochymol 
and guttiferone (Hemshekhar et al., 2011; Lim, 2012).  
Flavonoids present in G. kola

 

are assumed to have

 

anti-
asthmatic activities (Okojie et al., 2009), inhibit platelet 
activating factor, phospholipidaseA2 and 
phosphodiesterase (Dorsch & Wagner, 1991; Miller, 
2001), prevent allergies, inflammation, free radicals, 
platelet aggregation and inhibit histamine release 
(Ferguson, 2002; Farquar, 1996; Hodek et al., 2002; 
Okwu, 2004).  Garcinia mangostana

 

L., (mangosteen) is 
a slow-growing tree and well known for its fruits 
particularly in Southeast Asia. The fruits possess a 
sweet pulp which is eaten fresh, but is

 

also used in 
processed form.  It has a long history of use as a 
medicinal plant majorly in Southeast Asia for its anti 
inflammatory properties (Obolskiy et al., 2009) and for 
treatment of skin infections and wounds (Pedraza-
Chaverri et al., 2008).  Other applications include 
treatment of dysentery, urinary disorders, cystitis and 
gonorrhea. 

 

The biologically active ingredients in G 
mangostana L. responsible for these medicinal 
properties have been identified as xanthones (Obolskiy 
et al., 2009) which are polyphenols found in the pericarp  
from the mangosteen fruit .The juice also contains α-
mangostin, garcinones C, D, and E, -mangostin, 
gartanins and other xanthones (Chitchumroonchokchai 
et al., 2012; Pedraza-Chaverri et al., 2008;).  α-

 

mangostin  has been shown to enhance betulinic acid’s 
cytotoxicity to colon cancer cells, showed cytoprotective 
effect against cisplastin-induced cytotoxicity (Aisha et 
al., 2012) and is a multi-target inhibitor of mutans 
streptococci and useful as an anti-caries agent (Phuong 
et al., 2011). Poly isoprenylated benzophenone and 
xanthone are known for having antioxidant (Joseph et 
al., 2005; Okoko, 2009), antibacterial, anti viral, anti 
fungal, anti ulcer, anti protozoan activities (Hemshekhar 
et al., 2011), anti platelet (Jantan et al., 2009) and anti-
cancer (Han et al., 2008).    Ajayi et al., (2007) observed 
that rats were able to utilize the oil of Garcinia

 

mangostana

 

seeds and suggested that the seeds could 
be utilized as sources of dietary fibre and roughage in 
livestock feeds because of its high crude fibre and 
carbohydrate contents. The low protein content can be 
supplemented with high protein residues, such as 
groundnut or soy cakes. A lot of studies using G. 
mangostana

 

for treatment of human disorders abound 
including heart problems and asthma (Buelna-Chontal 
et al, 2011; Okojie, et al., 2009). This study examined the 
utilization and growth performance, haematology and 
tissue pathology of Clarias gariepinus

 

post juveniles on 
feeds containing defatted

 

G. mangostana

 

seed meal 
included as additives of 0.00g, 18.00g, 36.00g, 54.00g 
and 72.00g.

 
 
 

II. Materials and Methods 
a) Sample Preparation 

 Garcinia mangostana fruits were obtained from 
the Botanical Garden of the University of Ibadan. The 
seeds were removed from the fruits, washed with water 
and left to air-dry.  Oil from the seeds was obtained by 
soxhlet extraction using n-hexane (bpt 60 oC) as 
described by Ajayi et al. (2006) and left to air dry for a 
week to remove the solvent from the defatted seeds.   
b)

 
Proximate Analysis

 
 
Proximate analysis of the defatted seeds, 

formulated feeds and fish samples were carried out 
following the procedure described by AOAC (2000).   

 
c)

 
Mineral element analysis

 The mineral element analysis was carried out 
using the wet-ashing method for the digestion of the 
defatted seed sample: 1.00g of defatted G. mangostana 
seed was digested with 20 ml of concentrated HNO3

 and perchloric acid (1:1 v/v) and thereafter transferred to 
a 50 ml volumetric flask. It was diluted to volume with 
de-ionized water and stored in a clean polyethylene 
bottle. The mineral element content was determined 
using an atomic absorption spectrophotometer (Perkin–
Elmer model 703, USA) as described by Onyeike and 
Acheru (2002).

 
d)

 
Fish housing and treatment

  Clarias gariepinus
 
post juveniles (One hundred 

and fifty, initial mean length and weight 16.20 ± 0.01cm 
and 47.92 ± 0.00g respectively) were purchased and 
transported from the Department of Wildlife and 
Fisheries Management’s fish farm, University of Ibadan, 
Oyo State to the laboratory in plastic bowls between 
5pm-6pm to reduce stress and mortality due to high 
temperature.  The fish were acclimatized for five days 
during which vitamin C was administered in water. The 
water in the bowls was well aerated using air stone and 
pump (Lawson,

 
1995) and fish were fed at 3% of their 

body weight twice daily. At the end of acclimatization 
period, the fish were starved for 12 hours to empty their 
guts and prepare them for the experimental feed. 

           The fish were assigned randomly to five 
treatments in 40-

 
litre plastic bowls with each treatment 

having three replicates and 10 fish per replicate.  De-
chlorinated water (tap water exposed to air for more 
than 24 hours) was used. Water quality parameters 
monitored were temperature using mercury-

 
in-

 
glass 

thermometer (Paragon Scientific Ltd, Birkenhead, and 
Wirral, UK).  The dissolved oxygen content and pH of 
the water were measured at 0.01 accuracy using 
dissolved oxygen metre, (Jenway 3015 pH metre, 
Genway, Staffordshire, UK) after standardizing the 
metre. These water quality characteristics were 
monitored throughout the feeding trials and water in 
each bowl was changed every three days.   Fish were 
fed experimental diets twice daily for 49 days at 3 % of 
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their body weight. Their weights and lengths were 
recorded weekly.  The plastic bowls were covered with 
nets to prevent the fish jumping out and avoid intrusion 
by other animals and insects.  

e) Feed Formulation 
The feedstuffs purchased from the feed mill 

were soybean meal (44% crude protein), fish meal (72 % 
crude protein), wheat offal (18 % CP), starch, di-calcium 
phosphate (DCP), salt, maize, vegetable oil and 
vitamin/mineral premix.  The ingredients were milled into 
powder and used to formulate a 40 % crude protein diet 
and turned into dough. Each diet mixture was treated 
separately and extruded through a 1/4mm die mincer of 
Hobart A-200T pelleting machine (Hobart GmbH, Rben-
Bosch, Offenburg, Germany) to form noodle- like 
strands which were broken into suitable sizes for the 
fish. The pellets were sun- drieds, packed in labeled 
polythene bags and stored in a cool dry place to prevent 
fungal growth. The defatted Garcinia mangostana 
(DGMS) was incorporated in the formulated diet as an 
additive at 0.00g, 18.00g, 36.00g, 54.00g, 72.00g  
inclusion levels before the extrusion process 
representing diets 1(control) to 5 respectively as shown 
in table 1. 

f) Food utilization parameters 
Specific growth rate (SGR): This was calculated 

from data on changes of the body weight over the given 
time intervals according to the method of Brown (1957) 
as follows:  

 
 
 
 Where W1 is the initial weight (gram at time t), 

W2 is the final weight gain (gram at time t) (Brown, 1957)
 

 i.
 

Food conversion ratio
  

 
 

Weight gain (g) was calculated as the difference 
between the initial and final mean weights of the fish in 
the plastic bowl. 

weight gain(g)=final weight-initial weight 

Survival rate (SR): The survival rate, SR was 
calculated as total fish number harvested / total fish 
number stocked expressed in percentage. 

                 

 

Percentage weight gain (%WG): This is 
expressed by the equation: 

 
 

 Where: Wo = Initial weight, and Wt = Weight at 
time t.

 Protein efficiency ratio (PER): This was calculated as:
 

 
 
 
Condition factor (K): This was expressed by the 
equation  
 
 
 
 Where W is weight of the fish

 L is standard length
 Nitrogen metabolism (NM) was calculated as:

 

  

 
Where a = initial weight of fish

 b = final weight of fish
 h = experimental periods in days (Nwanna, 2003).

 
g)

 
Heamatological Analysis

 Hematological analyses were carried out both 
at the beginning and end of the experiment. Initial and 
final fish blood samples were collected before the 
feeding trial (that is day 10) and on day 49 for all 
treatments with the aid of needles and syringes into 
heparinised bottles with disodium EDTA as 
anticoagulant. The samples collected were analyzed on 
each occasion as described by Schalm et al., (1975).  
The blood parameters determined for each sample were 
packed cell volume (PCV), haemoglobin concentration, 
white blood cell (leucocyte) count, red blood cells 
(erythrocyte) count, protein, albumin, and globulin. 
Others were mean corpuscular volume (MCV) and mean 
corpuscular haemoglobin concentration (MCHC).

 
h)

 
Histopathological Analysis

 For tissue histopathology, the internal organs 
were exposed by dissection and the liver, kidney, heart, 
brain were observed for gross lesion and stored in 
formalin. Small portions of each organ were fixed and 
put through series of dehydration in graded 
concentrations of xylene.  They were embedded in wax, 
sectioned at 5  a nd  trans fe rred  onto g la s s  s lides . The  
thin sections were stained with heamotoxylin and eosin 
(H and E) dyes for examination under the light 
microscope for histological changes (MAFF, 1984).

 
i)
 

Statistical Analysis
 

 
Each experiment was performed in triplicate.  

Results were expressed as the mean ± standard 
deviation. The one-way analysis of variance (ANOVA) 
was used to determine significant differences of the 
treatments. P-values<0.05 were considered significant.  
Duncan multiple range test was applied while all data 
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SGR% = Ln W2−Ln W1
T−t

  X 100

FCR = weight of food consumed fortnightly (g)
weight gain by fish fortnightly (g)

survival (%) = number of fish harvested
number of fish stocked

X 100

%WG =Wt −Wo
Wo

  X 100

PER = wet body weight gain
crude protein feed

   𝐾𝐾 = 100 𝑊𝑊
L3

NM = (0.549)(a+b)h
2

µ
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were analyzed with SPSS (IBM statistic Computer 
Program 2010). 

III. Results and Discussion 

The proximate composition of G. mangostana 
defatted seed was presented in  able 2  and  showed 
the protein content of the defatted seed as low and 
similar to quantities obtained from  some cereal grains 
like maize (8-9%). The crude protein for G. mangostana 
obtained during this study was higher than 6.57 g/100g 
reported by Ajayi et al. (2007) but lower than for Gnetum 
africanum 17.50% (Ekop, 2007). The crude fibre content 
(6.50 ± 0.02 %) was higher than the range for legumes 
(Prakash et al. 2001). Carbohydrate content was high at 
71%.This implies that the seeds can complement energy 
sources or supply energy in livestock rations.   The ash 
content was 1.80 ± 0.02% and similar to Ajayi et al. 
(2007) but lower than 4.5% reported for Caesalpinia 
pulcherrima (Yusuf et al. (2007). The crude fat content 
(2.13 ± 0.04) is quite low when compared with that of 
Ajayi et al. (2007). The low fat content of the defatted 
seed reported was because of the removal of the oil by 
solvent extraction during the defatting process. 

The defatted seeds of G.mangostana had a 
good supply of mineral elements (Table 6) with the 
highest being potassium (270 ppm), followed by 
magnesium (110 ppm), iron (68.62 ppm) and calcium 
(30 ppm).  A diet that contains Garcinia mangostana will 
help to prevent deficiencies of potassium, iron and 
calcium since they are rich in these elements. Potassium 
helps to regulate blood pressure; calcium is needed for 
good bones, muscle contraction and blood clotting 
while magnesium works along with calcium to maintain 
healthy bones. The minerals obtained in the defatted 
seeds of G. mangostana were lower than those 
obtained in the seed oil (Ajayi et al., 2007).This may 
imply that most of the mineral elements were lost to the 
oil fraction during the defatting process. 

                The gross and proximate compositions of the 
diets were presented in tables 1 and 2 respectively. All 
diets were formulated with similar gross compositions 
except for the addition of 0.00, 18.00, 36.00, 54.00 and 
72.00g of the defatted G.mangostana seed to the 
experimental diets for diets 1-5 respectively. Though the 
moisture contents of all the diets were significantly 
different (p<0.05), the crude protein of the experimental 
diets were not. Crude fat (ether extract), crude fibre, ash 
and Nitrogen free extractives varied significantly among 
treatments (P<0.05).These could have been due to the 
presence of DGM at different levels in the diets.   

Growth and nutrient utilization of Clarias 
gariepinus on the experimental diets were presented 
(Table 3).  Fish on all treatments significantly (p<0.05) 
increased in weights and lengths over the experimental 
period above the initial observations though no 
significant differences (p<0.05) were observed in 

weights and lengths among treatments. Feed 
conversion ratio, specific growth rate, percentage weight 
gain, and nitrogen metabolism in fish did not differ 
significantly among the diets. This reveals that the 
addition of defatted seeds of G. mangostana as an 
additive to the feed of C. gariepinus had a positive effect 
on the growth performance of the fish throughout the 
experimental period. These observations were similar to 
those  observed by  (Dada & Oviawe, 2011, Prasad & 
Priyanka, 2011; Dada & Ikuerewo 2009) but differed 
from Soosean et al. (2010) .Higher survival rates were 
recorded in DGM-containing diets above the control with 
the highest in diet 5(72.00g DGM). The condition factors 
of the fish varied non- significantly in all treatments. The 
feed conversion ratios for diets 2, 3 and 4 were lower 
than for the control and treatment 5 showing that  diets 
containing between 18.00g DGM and54.00g DGM were 
better utilized by the fish for growth than the control and 
highest inclusion level of DGM though the observed 
differences were not significantly different (p>0.05).  

The proximate analyses of C.gariepinus post 
juveniles after the feeding trial were presented in table 2. 
Moisture contents, crude protein and crude fibre of the 
fish differed significantly (P<0.05) among treatments. 
The crude protein was highest in 18.00g DGM-
containing diet while the crude fibre was highest in 
36.00g DGM-containing diet. The crude fat (ether extract 
and ash were not significantly different among 
treatments and varied from 20.30±0.27 to 23.70±1.67. 
All the DGM-containing diets had higher ash contents 
than the control fish with diet 3(36.00g DGM) having the 
highest value (10.60 ± 1.96) and the lowest in the 
control and 18.00g DGM diet. This observation tends to 
support the view that DGM-containing rations could 
improve the mineral content of the fish.  The mineral 
composition of Clarias gariepinus (Table 6) after the 
feeding trial showed significant differences (p<0.05) 
among treatments in potassium, calcium, magnesium 
and sodium which are macro elements with diet 
4(54.00g DGM) producing the highest concentrations of 
the elements and diets 1 and 2(18.00g DGM) the lowest 
of all four in the fish. Manganese, iron, copper and zinc 
were present in very low quantities and were not 
significantly different among diets. 

All the blood parameters studied were higher 
after 49 days than at the beginning of the study except 
heterophils, MCH and MCV which decreased from initial 
values (Table 4).These observations were similar to the 
reports of other workers (Prasad & Priyanka, 2011; 
Soosean et al, 2010) who reported increased 
haematological parameters in fish after diets containing 
different extracts of Garcinia species. Packed cell 
volume varied from 30.00 ± 2.83 to 34.00 ± 1.41% for 
all the treatments though not significantly different 
(p>0.05). Haemoglobin concentration (mg/l) of the fish 
in all treatments and control varied but not significantly. 
The hemoglobin content in the blood and oxygen 
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consumption increases when fishes are stressed and 
allows an increase in release of immature RBCs from the 
haemopoietic organs, which in turn elevate hemoglobin 
concentration in blood (Choudhury et al, 2005; Soosean 
et al, 2010). 

 White blood cell counts in all the treatments 
were significantly higher than the initial values and 
differed significantly among the treatments. This 
supports the immune- system boosting effect of 
Garcinia species reported by some workers (Dada & 
Ikuerewo, 2009; Prasad & Priyanka, 2011). The platelets 
also showed similar trend. Percentage lymphocytes and 
monocytes varied non-significantly among diets from 
71.00±1.41 to 72.00 ± 2.83% and 2.00 ± 1.41 to 4.00 
± 1.41respectively. The survival rate of the fish was high 
generally during the experiment though the least was 
reported for the contro 

The blood biochemistry -plasma proteins 
(albumin and globulin) and blood serum enzymes 
(aspartate amino transferase and alanine amino 
transferase) were presented in table 5. All the final mean 
values were higher than the initial observations except 
for aspartate amino transferase (AST) in which the mean 
value for fish on control diet was lower than the initial 
observations .However all DGM-containing diets 
produced higher AST at 49 days than at day 0 of the 
experiment. Total protein ranged from 3.50±1.4 to 3.80 
± 0.14 and albumin 1.10 ± 0.14 to 1.40 ± 0.14 for all 
the diets. The highest value of globulin was 2.8 ± 1.4 in 
diet 3(36.00g DGM) and the lowest 2.20 ± 0.14 in diet 
2(18.00g DGM). The values of AGR (albumin –globulin 
ratio) were not significantly different, ranging from 0.30 
± 0.14 to 0.60 ± 0.14 for all diets. The blood 
biochemistry showed variations that were not significant 
(p>0.05). Fish plasma proteins are important in 
regulating water balance in fish (Wedemeyer & 
Yasutake, 1977) 

The tissue examination showed no lesions in 
the organs of the control fish. Other diets produced no 
lesions in the organs except the gills in diet 2(36.00g 
DGM) fish which showed mild submucosal congestion. 
Diet 5(72.00g DGM) produced severe interstitial 
congestion in the kidney. The kidney is involved with 
excretion of wastes from the body of animals and that 
could explain why there was severe interstitial 
congestion at the highest inclusion level of DGM 
inclusion treatment 5 (72.00g DGM). Similar reports of 
kidney malformations were reported on rats (Ajayi et al, 
2007). The organ majorly impacted in C.gariepinus post 
juveniles was the liver which presented different degrees 
of hepatocyte vacuolation in diets 2, 3 and 5(18.00, 
36.00 and 72.00g DGM). Diet 4 (54.00gDGM) was the 
only group where the fish showed no visible lesions in all 
organs in fish on DGM-containing diets. This 
observation differed from Ajayi et al. (2007) who 
reported no lesions in the liver of rats. The liver is the 
organ involved in the metabolism, detoxification and 

excretion of chemicals and xenobiotics in the body 
(Pathan et al, 2010) and that could explain why it was so 
affected. Vacuolation has been observed to be a 
common response to the presence of chemicals in fish 
(Meyer & Henderick, 1985; Clearwater et al, 2002; Shaw 
& Handy, 2006). No lesions were observed in all the 
heart tissues of fish during this study. 

IV. Conclusion 
The proximate analysis of the defatted Garcinia 

mangostana seed (DGM) depicted it as high in 
carbohydrate and good in mineral elements though the 
protein content was low. The mineral analysis of 
defatted Garcinia mangostana seeds showed high 
values of potassium, magnesium and iron which 
indicated that DGM could be used as an additive in fish 
feed. However, further studies are recommended due to 
the problems identified during the tissue examination of 
the liver. High survival rate and good performance of the 
fish would be an incentive to further look at methods of 
processing the DGM to be compatible with the 
requirements of C.gariepinus. 
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Table 1 :  Gross composition of experimental diets (g) containing defatted G. mangostana seeds 

Ingredients(g) Control 18gDGM 36g 
DGM  

54gDGM  72gDGM 

Fish meal 9.69 9.69 9.69 9.69 9.69 
Soy bean 19.39 19.39 19.39 19.39 19.39 
Maize 31.71 31.71 31.71 31.71 31.71 
Wheat offal 31.71 31.71 31.71 31.71 31.71 
Vit-min 2.00 2.00 2.00 2.00 2.00 
Starch 1.00 1.00 1.00 1.00 1.00 
DCP 2.00 2.00 2.00 2.00 2.00 
Salt 0.50 0.50 0.50 0.50 0.50 
Vegetable oil 2.00 2.00 2.00 2.00 2.00 
DGM(g) - 18.00 36.00 54.00 72.00 

Table 2 :  Proximate composition of formulated diets at different inclusion levels of defatted G. mangostana
 
seeds

 

 

Constituents(%) Control 18g DGM 36g DGM 54g DGM 72g DGM 

Moisture 6.64 ± 0.045d 6.07±0.061b 5.68±0.03a 6.31±0.01c 7.60±0.02e 
Crude protein 40.39 ± 0.40a 40.49±0.22a 40.36±0.25a 40.21±0.01a 40.96±0.01a 
Crude fibre 4.82 ±0.15b 3.53±0.01a 3.49±0.02a 5.53±0.01c 5.77±0.08d 
Crude fat 7.70 ±0.01c 7.07±0.05a 7.14±0.01b 15.60±0.32e 15.11±0.04d 
Ash 8.45±0.27b 8.31±0.16b 8.2±0.01ab 8.00±0.03a 7.95±0.14a 
NFE 32.00±0.80c 34.52±0.47d 35.33±0.26e 24.35±0.01b 22.62±0.13a 

Means followed by different letters in the same rows are significantly different (P<0.05)  

Table 3 : Result of proximate analysis of fish after feeding trial using experimental feeds 

Constituent (%)

  Mean ± SD 
Garcinia 
mangostana 
defatted seeds 

Control

 

18.00 g DGM

 

36.00g DGM

 

54.00g DGM

 

72.00g DGM

 

Moisture 10.47 ± 1.12 9.48±0.55a 9.08±0.99b 9.92±0.09a 10.46±0.58c 9.48±0.55b 
Crude protein 8.10 ± 0.22 63.00±2.00cd 63.60±0.26d 55.40±0.27a 60.70±0.34b 61.47±1.27bc 
Crude fibre 6.50 ± 0.02 0.27±0.06a 0.23±0.06a 0.200±0.00a 0.40±0.10b 0.70±0.00c 
Crude fat 1.80 ± 0.02 20.60±1.85a 20.30±0.27a 23.70±1.67b 21.07±0.78a 20.50±0.46a 
Ash 2.13 ± 0.04 6.65±0.55a 6.79±1.83c 10.60±1.98b 7.37±0.22b 7.85±0.55b 
Carbohydrate 71.00 ± 0.79      

Means followed by different letters in the same rows are significantly different (P<0.05).  
The treatments produced very negligible nitrogen free extracts in fish  
 

Table 4 : Mineral composition of Clarias gariepinus post juveniles after feeding trial (ppm of dry matter) in 49 days 
and Defatted Garcina mangostana 

Mineral 
element 

Defatted 
Garcinia 
mangostana 

Control 18.00g 
DGM 

36.00g 
DGM 

54.00g 
DGM 

72.00g 
DGM 

Potassium 270 73.30b 32.80a 249.50d 364.50e 147.00c 
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Calcium
 

30
 

160.00b
 

120.00a
 

258.00d
 

268.50e
 

242.00c
 

Magnesium
 

110
 

12.50b
 

6.87a
 

35.65d
 

49.65e
 

23.75c
 

Sodium
 

7.95
 

50.41b
 

20.11a
 

147.05d
 

134.05e
 

58.31c
 

Manganese
 

9.76
 

0.12a
 

0.12a
 

0.30a
 

0.38a
 

0.37a
 

Iron 68.62
 

1.85a
 

1.88a
 

4.42b
 

4.27b
 

1.95a
 

Copper 6.58
 

0.10a
 

0.02a
 

0.09a
 

0.16a
 

0.13a
 

Zinc
 

25.63
 

0.50a
 

0.14a
 

0.87a
 

1.50a
 

0.69a
 

 

Table  5 :  Growth and nutrient utilization of Clarias gariepinus fed with different defatted G. mangostana-based diets
 

 

Parameter Control 18.00g DGM 36.00g DGM 54.00g DGM 72.00gDGM 
IMW 47.89±0.11a 47.92±0.06a 47.89±0.11a 47.93±0.17a 48.00±0.19a 
FMW 56.16±4.23a 59.06±1.22a 58.31±2.19a 56.75±3.84a 55.44±1.42a 
PER 0.25±0.12a 0.33±0.04a 0.33±0.07a 0.29±0.12a 0.30±0.06a 
CF 0.58±0.01a 0.67±0.04ab 0.70±0.03b 0.65±0.10ab 0.59±0.07ab 
FCR 2.15±0.92a 1.46±0.14a 1.55±0.28a 1.94±0.78a 2.05±0.33a 
NM 1399.58±55.55a 1439.07±17.12a 1428.44±30.86a 1407.95±53.90a 1391.37±20.85a 
WG 8.27±4.33a 11.14±1.16a 10.42±2.09a 8.82±3.67a 7.44±1.31a 
SGR 0.32±0.16a 0.43±0.04a 0.40±0.07a 0.34±0.13a 0.29±0.05a 
PWG 17.29±9.10a 23.24±2.40a 21.75±4.31a 18.39±7.59a 15.50±2.68a 
IL 16.20±0.00 16.20±0.00 16.20±0.00 16.20±0.00 16.20±0.00 
FL 21.33±0.58a 20.67±0.29ab 20.33±0.29a 20.67±0.73ab 20.83±0.29ab 
LG 5.13±0.58b 4.47±0.29ab 4.13±0.29a 4.47±0.76ab 4.63±0.29ab 
SR 80.00 83.33 83.33 96.67 93.33 

Means followed by different letters in the same rows are significantly different (P<0.05). 
Please note that INW= initial mean weight, FMW= final mean weight, PER =protein efficiency ratio, CF=condition 
factor, FCR= feed conversion ratio, NM = nitrogen metabolism, WG =weight gain, SGR =specific growth rate, 
PWG =percentage weight gain, IL=initial length, FL= final length, LG= length gain, SR= survival rate 

Table 6 :
 
Haematology of Clarias gariepinus fed defatted G.mangostana- based diets at 0 and after 49 days

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Means followed by different letters in the same rows are significantly different

 

(p<0.05).PCV=packed cell volume, 
RBC=Red blood cells, WBC=white blood cells, MCV = mean corpuscular volume, MCHC= mean corpuscular 
haemoglobin concentration, MCH = mean corpuscular haemoglobin
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Parameters
Initial 
Value

Final values at Different DGM inclusion rates, %
Control 18gDGM 36g DGM 54g DGM 72gDGM

PCV (%) 26.00 32.00±1.41a 32.00±1.41a 30.00±2.83a 30.00±1.41a 34.00±1.41a

Haemoglobin (g%) 8.00 10.00±1.41ab 11.40±0.28b 9.80±0.28ab 9.6±0.14a 11.30±0.14ab

RBC x1012/L 1.59 3.54±0.06b 3.61±0.00b 3.29±0.01a 3.34±0.06a 3.63±0.01b

WBC x109/L 19425 19700±141.42d 18100±141.42b 25750±70.71e 15900±70.71a 18950±70.71c

Platelet 107500 144000±5656.85c 216000±2828.43d 128000±1414.21a 135900±212.13b 128000±1414.21a

Lymphocyte (%) 63.00 66.00±1.41a 72.00±2.83b 69.00±1.41ab 71.00±1.41b 71.00±1.41b

Heterophil 34.00 29.00±1.41b 22.00±2.83a 23.00±1.41a 19.00±1.41a 22.00±2.83a

Monocytes (%) 2.00 2.00±1.41a 2.00±1.41a 3.00±1.41a 4.00±1.41a 4.00±1.41a

Eosinophils 1.00 3.00±1.41a 4.00±1.41a 5.00±1.41a 6.00±1.41a 3.00±0.00a

Basophil 0.00 2.00±0.00 2.00±0.00 2.00±0.00 2.00±0.00 2.00±0.00
MCHC (%) 30.00 31.38±5.81a 31.58±0.79a 32.77±2.15a 32.03±1.04a 33.15±0.82a

MCH(Pg) 50.29 28.29±4.45a 31.49±0.78a 29.79±0.73a 28.49±0.30a 31.13±0.27a

MCV(Fl) 163.28 90.38±2.56a 94.18±3.92a 91.17±8.19a 86.06±0.36a 93.66±3.53a

Table 7 : Blood biochemistry of Clarias gariepinus fed Defatted G.mangostana- based diets at 0 and 49 days

Parameter Initial 
value

Final values at Different DGM inclusion rates
Control 18.00g DGM 36.00g DGM 54.00g DGM 72.00g DGM

Protein 3.3 3.90±0.14a 3.50±0.14a 3.90±0.14a 3.80±0.14ab 3.70±0.14ab

Albumin 1.3 1.40±0.14a 1.30±0.14a 1.10±0.14a 1.40±0.14a 1.40±0.14a
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Globulin

 

2.0

 

2.50±0.14ab

 

2.20±0.14a

 

2.80±0.14b

 

2.40±0.14a

 

2.30±0.14a

 

AGR

 

0.65

 

0.60±0.14a

 

0.50±0.14a

 

0.30±0.14a

 

0.60±0.14a

 

0.60±0.14a

 

AST(IU/L)

 

35.5

 

33.00±0.14a

 

42.00±0.14b

 

36.00±0.14a

 

34.00±0.14a

 

40.00±0.14b

 

ALT(IU/lL)

 

20.5

 

26.00±0.14b

 

34.00±0.14c

 

29.00±0.14b

 

21.00±0.14a

 

32.00±0.14c

 

     Means followed by different letters in the same rows are significantly different (P<0.05)
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Tissue pathology of C. gariepinus post juveniles at 49 days after feeding on defatted G. mangostana-
containing diets

 

Organs

 

Control

 

18g DGM

 

36g DGM

 

54g DGM

 

72gDGM

 

Gills

 
 

No visible 
lesions seen

 

No visible lesions seen

 

There is mild 
submucosal 
congestion

 

No visible 
lesions seen

 
 

No visible lesions 
seen

 

Kidney

 

No visible 
lesions seen

 

No visible lesions seen

 

No visible lesions 
seen

 

No visible 
lesions seen

 

There is severe 
interstitial congestion

 
 

Liver

 

No visible 
lesions seen

 

There are severe 
vacuolations of the 
hepatocytes, with                                                     
mild central venous 
congestion

 

There is diffuse 
hepatic 
vacuolation.

 

No visible 
lesions seen.

 

There is diffuse 
vacuolation of the 
hepatocytes,

 

marked

 
 

Heart

 

No visible 
lesions seen

 

No visible lesions seen

 

No visible lesions 
seen

 

No visible 
lesions seen

 

No visible lesions 
seen
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To avoid postal delays, all transaction is preferred by e-mail. A finished manuscript submission is confirmed by e-mail immediately and 
your paper enters the editorial process with no postal delays. When a conclusion is made about the publication of your paper by our 
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Complete support for both authors and co-author is provided. 
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5.STRUCTURE AND FORMAT OF MANUSCRIPT 
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The Editorial Board reserves the right to make literary corrections and to make suggestions to improve briefness. 

It is vital, that authors take care in submitting a manuscript that is written in simple language and adheres to published guidelines. 

 Format 

Language: The language of publication is UK English. Authors, for whom English is a second language, must have their manuscript 
efficiently edited by an English-speaking person before submission to make sure that, the English is of high excellence. It is preferable, 
that manuscripts should be professionally edited. 

Standard Usage, Abbreviations, and Units: Spelling and hyphenation should be conventional to The Concise Oxford English Dictionary. 
Statistics and measurements should at all times be given in figures, e.g. 16 min, except for when the number begins a sentence. When 
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by the conventional abbreviation in parentheses. 
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1.4 l rather than 1.4 × 10-3 m3, or 4 mm somewhat than 4 × 10-3 m. Chemical formula and solutions must identify the form used, e.g. 
anhydrous or hydrated, and the concentration must be in clearly defined units. Common species names should be followed by 
underlines at the first mention. For following use the generic name should be constricted to a single letter, if it is clear. 

Structure 

All manuscripts submitted to Global Journals Inc. (US), ought to include: 

Title: The title page must carry an instructive title that reflects the content, a running title (less than 45 characters together with spaces), 
names of the authors and co-authors, and the place(s) wherever the work was carried out. The full postal address in addition with the e-
mail address of related author must be given. Up to eleven keywords or very brief phrases have to be given to help data retrieval, mining 
and indexing. 

 Abstract, used in Original Papers and Reviews: 

Optimizing Abstract for Search Engines 

Many researchers searching for information online will use search engines such as Google, Yahoo or similar. By optimizing your paper for 
search engines, you will amplify the chance of someone finding it. This in turn will make it more likely to be viewed and/or cited in a 
further work. Global Journals Inc. (US) have compiled these guidelines to facilitate you to maximize the web-friendliness of the most 
public part of your paper. 

Key Words 

A major linchpin in research work for the writing research paper is the keyword search, which one will employ to find both library and 
Internet resources. 

One must be persistent and creative in using keywords. An effective keyword search requires a strategy and planning a list of possible 
keywords and phrases to try. 

Search engines for most searches, use Boolean searching, which is somewhat different from Internet searches. The Boolean search uses 
"operators," words (and, or, not, and near) that enable you to expand or narrow your affords. Tips for research paper while preparing 
research paper are very helpful guideline of research paper. 

Choice of key words is first tool of tips to write research paper. Research paper writing is an art.A few tips for deciding as strategically as 
possible about keyword search: 
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• One should start brainstorming lists of possible keywords before even begin searching. Think about the most 
important concepts related to research work. Ask, "What words would a source have to include to be truly 
valuable in research paper?" Then consider synonyms for the important words. 

• It may take the discovery of only one relevant paper to let steer in the right keyword direction because in most 
databases, the keywords under which a research paper is abstracted are listed with the paper. 

• One should avoid outdated words. 

Keywords are the key that opens a door to research work sources. Keyword searching is an art in which researcher's skills are 
bound to improve with experience and time. 

 Numerical Methods: Numerical methods used should be clear and, where appropriate, supported by references. 

Acknowledgements: Please make these as concise as possible. 

 References 

References follow the Harvard scheme of referencing. References in the text should cite the authors' names followed by the time of their 
publication, unless there are three or more authors when simply the first author's name is quoted followed by et al. unpublished work 
has to only be cited where necessary, and only in the text. Copies of references in press in other journals have to be supplied with 
submitted typescripts. It is necessary that all citations and references be carefully checked before submission, as mistakes or omissions 
will cause delays. 

References to information on the World Wide Web can be given, but only if the information is available without charge to readers on an 
official site. Wikipedia and Similar websites are not allowed where anyone can change the information. Authors will be asked to make 
available electronic copies of the cited information for inclusion on the Global Journals Inc. (US) homepage at the judgment of the 
Editorial Board. 

The Editorial Board and Global Journals Inc. (US) recommend that, citation of online-published papers and other material should be done 
via a DOI (digital object identifier). If an author cites anything, which does not have a DOI, they run the risk of the cited material not 
being noticeable. 

The Editorial Board and Global Journals Inc. (US) recommend the use of a tool such as Reference Manager for reference management 
and formatting. 

 Tables, Figures and Figure Legends 

Tables: Tables should be few in number, cautiously designed, uncrowned, and include only essential data. Each must have an Arabic 
number, e.g. Table 4, a self-explanatory caption and be on a separate sheet. Vertical lines should not be used. 

Figures: Figures are supposed to be submitted as separate files. Always take in a citation in the text for each figure using Arabic numbers, 
e.g. Fig. 4. Artwork must be submitted online in electronic form by e-mailing them. 

 Preparation of Electronic Figures for Publication 

Even though low quality images are sufficient for review purposes, print publication requires high quality images to prevent the final 
product being blurred or fuzzy. Submit (or e-mail) EPS (line art) or TIFF (halftone/photographs) files only. MS PowerPoint and Word 
Graphics are unsuitable for printed pictures. Do not use pixel-oriented software. Scans (TIFF only) should have a resolution of at least 350 
dpi (halftone) or 700 to 1100 dpi (line drawings) in relation to the imitation size. Please give the data for figures in black and white or 
submit a Color Work Agreement Form. EPS files must be saved with fonts embedded (and with a TIFF preview, if possible). 

For scanned images, the scanning resolution (at final image size) ought to be as follows to ensure good reproduction: line art: >650 dpi; 
halftones (including gel photographs) : >350 dpi; figures containing both halftone and line images: >650 dpi. 
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2. Evaluators are human: First thing to remember that evaluators are also human being. They are not only meant for rejecting a paper. 
They are here to evaluate your paper. So, present your Best. 

3. Think Like Evaluators: If you are in a confusion or getting demotivated that your paper will be accepted by evaluators or not, then 
think and try to evaluate your paper like an Evaluator. Try to understand that what an evaluator wants in your research paper and 
automatically you will have your answer. 

4. Make blueprints of paper: The outline is the plan or framework that will help you to arrange your thoughts. It will make your paper 
logical. But remember that all points of your outline must be related to the topic you have chosen.  

5. Ask your Guides: If you are having any difficulty in your research, then do not hesitate to share your difficulty to your guide (if you 
have any). They will surely help you out and resolve your doubts. If you can't clarify what exactly you require for your work then ask the 
supervisor to help you with the alternative. He might also provide you the list of essential readings. 

6. Use of computer is recommended: As you are doing research in the field of Computer Science, then this point is quite obvious. 

 

7. Use right software: Always use good quality software packages. If you are not capable to judge good software then you can lose 
quality of your paper unknowingly. There are various software programs available to help you, which you can get through Internet. 

 

8. Use the Internet for help: An excellent start for your paper can be by using the Google. It is an excellent search engine, where you can 
have your doubts resolved. You may also read some answers for the frequent question how to write my research paper or find model 
research paper. From the internet library you can download books. If you have all required books make important reading selecting and 
analyzing the specified information. Then put together research paper sketch out. 

9. Use and get big pictures: Always use encyclopedias, Wikipedia to get pictures so that you can go into the depth. 

 

10. Bookmarks are useful: When you read any book or magazine, you generally use bookmarks, right! It is a good habit, which helps to 
not to lose your continuity. You should always use bookmarks while searching on Internet also, which will make your search easier. 
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Before start writing a good quality Computer Science Research Paper, let us first understand what is Computer Science Research Paper? 
So, Computer Science Research Paper is the paper which is written by professionals or scientists who are associated to Computer Science 
and Information Technology, or doing research study in these areas. If you are novel to this field then you can consult about

 
this field 

from your supervisor or guide.
 

TECHNIQUES FOR WRITING A GOOD QUALITY RESEARCH PAPER:
 

1. Choosing the topic:
 
In most cases, the topic is searched by the interest of author but it can be also suggested by the guides. You can 

have several topics and then you can judge that in which topic or subject you are finding yourself most comfortable. This can
 
be done by 

asking several questions to yourself, like Will I be able to carry our search in this area? Will I find all necessary recourses to accomplish 
the search? Will I be able to find all information in this field area? If the answer of these types of questions will be "Yes" then you can 
choose that topic. In most of the cases, you may have to conduct the surveys and have to visit several places because this field is related 
to Computer Science and Information Technology. Also, you may have to do a lot of work to find all rise and falls regarding the various 
data of that subject. Sometimes, detailed information plays a vital role, instead of short information.

 

 

11. Revise what you wrote: When you write anything, always read it, summarize it and then finalize it. 



 

  

 
 

16. Use proper verb tense: Use proper verb tenses in your paper. Use past tense, to present those events that happened. Use present 
tense to indicate events that are going on. Use future tense to indicate future happening events. Use of improper and wrong tenses will 
confuse the evaluator. Avoid the sentences that are incomplete. 

17. Never use online paper: If you are getting any paper on Internet, then never use it as your research paper because it might be 
possible that evaluator has already seen it or maybe it is outdated version.  

18. Pick a good study spot: To do your research studies always try to pick a spot, which is quiet. Every spot is not for studies. Spot that 
suits you choose it and proceed further. 

19. Know what you know: Always try to know, what you know by making objectives. Else, you will be confused and cannot achieve your 
target. 

 

20. Use good quality grammar: Always use a good quality grammar and use words that will throw positive impact on evaluator. Use of 
good quality grammar does not mean to use tough words, that for each word the evaluator has to go through dictionary. Do not start 
sentence with a conjunction. Do not fragment sentences. Eliminate one-word sentences. Ignore passive voice. Do not ever use a big 
word when a diminutive one would suffice. Verbs have to be in agreement with their subjects. Prepositions are not expressions to finish 
sentences with. It is incorrect to ever divide an infinitive. Avoid clichés like the disease. Also, always shun irritating alliteration. Use 
language that is simple and straight forward. put together a neat summary. 

21. Arrangement of information: Each section of the main body should start with an opening sentence and there should be a 
changeover at the end of the section. Give only valid and powerful arguments to your topic. You may also maintain your arguments with 
records. 

 

22. Never start in last minute: Always start at right time and give enough time to research work. Leaving everything to the last minute 
will degrade your paper and spoil your work. 

23. Multitasking in research is not good: Doing several things at the same time proves bad habit in case of research activity. Research is 
an area, where everything has a particular time slot. Divide your research work in parts and do particular part in particular time slot. 

 

24. Never copy others' work: Never copy others' work and give it your name because if evaluator has seen it anywhere you will be in 
trouble. 

 

25. Take proper rest and food: No matter how many hours you spend for your research activity, if you are not taking care of your health 
then all your efforts will be in vain. For a quality research, study is must, and this can be done by taking proper rest and food.  

 

26. Go for seminars: Attend seminars if the topic is relevant to your research area. Utilize all your resources. 
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12. Make all efforts: Make all efforts to mention what you are going to write in your paper. That means always have a good start. Try to 
mention everything in introduction, that what is the need of a particular research paper. Polish your work by good skill of writing and 
always give an evaluator, what he wants. 

13. Have backups: When you are going to do any important thing like making research paper, you should always have backup copies of it 
either in your computer or in paper. This will help you to not to lose any of your important. 

14. Produce good diagrams of your own: Always try to include good charts or diagrams in your paper to improve quality. Using several 
and unnecessary diagrams will degrade the quality of your paper by creating "hotchpotch." So always, try to make and include those 
diagrams, which are made by your own to improve readability and understandability of your paper. 

15. Use of direct quotes: When you do research relevant to literature, history or current affairs then use of quotes become essential but 
if study is relevant to science then use of quotes is not preferable.  



 

 

   

 

sufficient. Use words properly, regardless of how others use them. Remove quotations. Puns are for kids, not grunt readers. 
Amplification is a billion times of inferior quality than sarcasm. 

32. Never oversimplify everything: To add material in your research paper, never go for oversimplification. This will definitely irritate the 
evaluator. Be more or less specific. Also too, by no means, ever use rhythmic redundancies. Contractions aren't essential and shouldn't 
be there used. Comparisons are as terrible as clichés. Give up ampersands and abbreviations, and so on. Remove commas, that are, not 
necessary. Parenthetical words however should be together with this in commas. Understatement is all the time the complete best way 
to put onward earth-shaking thoughts. Give a detailed literary review. 

33. Report concluded results: Use concluded results. From raw data, filter the results and then conclude your studies based on 
measurements and observations taken. Significant figures and appropriate number of decimal places should be used. Parenthetical

 

remarks are prohibitive. Proofread carefully at final stage. In the end give outline to your arguments. Spot out perspectives of further 
study of this subject. Justify your conclusion by at the bottom of them with sufficient justifications and examples. 

 

34. After conclusion: Once you have concluded your research, the next most important step is to present your findings. Presentation is 
extremely important as it is the definite medium though which your research is going to be in print to the rest of the crowd. Care should 
be taken to categorize your thoughts well and present them in a logical and neat manner. A good quality research paper format is 
essential because it serves to highlight your research paper and bring to light all necessary aspects in your research.

 

Key points to remember:  

Submit all work in its final form. 
Write your paper in the form, which is presented in the guidelines using the template. 
Please note the criterion for grading the final paper by peer-reviewers. 

Final Points:  

A purpose of organizing a research paper is to let people to interpret your effort selectively. The journal requires the following sections, 
submitted in the order listed, each section to start on a new page.  

The introduction will be compiled from reference matter and will reflect the design processes or outline of basis that direct you to make 
study. As you will carry out the process of study, the method and process section will be constructed as like that. The result segment will 
show related statistics in nearly sequential order and will direct the reviewers next to the similar intellectual paths throughout the data 
that you took to carry out your study. The discussion section will provide understanding of the data and projections as to the implication 
of the results. The use of good quality references all through the paper will give the effort trustworthiness by representing an alertness 
of prior workings. 
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27. Refresh your mind after intervals: Try to give rest to your mind by listening to soft music or by sleeping in intervals. This will also 
improve your memory. 

28. Make colleagues: Always try to make colleagues. No matter how sharper or intelligent you are, if you make colleagues you can have 
several ideas, which will be helpful for your research. 

29. Think technically: Always think technically. If anything happens, then search its reasons, its benefits, and demerits. 

30. Think and then print: When you will go to print your paper, notice that tables are not be split, headings are not detached from their 
descriptions, and page sequence is maintained.  

31. Adding unnecessary information: Do not add unnecessary information, like, I have used MS Excel to draw graph. Do not add 
irrelevant and inappropriate material. These all will create superfluous. Foreign terminology and phrases are not apropos. One should 
NEVER take a broad view. Analogy in script is like feathers on a snake. Not at all use a large word when a very small one would be                    



 

  

 
 

Separating a table/chart or figure - impound each figure/table to a single page 
Submitting a manuscript with pages out of sequence 

In every sections of your document 

· Use standard writing style including articles ("a", "the," etc.) 

· Keep on paying attention on the research topic of the paper 

 

· Use paragraphs to split each significant point (excluding for the abstract) 

 

· Align the primary line of each section 

 

· Present your points in sound order 

 

· Use present tense to report well accepted  

 

· Use past tense to describe specific results  

 

· Shun familiar wording, don't address the reviewer directly, and don't use slang, slang language, or superlatives  

 

· Shun use of extra pictures - include only those figures essential to presenting results 

 

Title Page: 

 

Choose a revealing title. It should be short. It should not have non-standard acronyms or abbreviations. It should not exceed two printed 
lines. It should include the name(s) and address (es) of all authors. 
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Writing a research paper is not an easy job no matter how trouble-free the actual research or concept. Practice, excellent preparation, 
and controlled record keeping are the only means to make straightforward the progression.  

General style: 

Specific editorial column necessities for compliance of a manuscript will always take over from directions in these general guidelines. 

To make a paper clear 

· Adhere to recommended page limits 

Mistakes to evade 

Insertion a title at the foot of a page with the subsequent text on the next page 



 

 

   

 

shortening the outcome. Sum up the study, with the subsequent elements in any summary. Try to maintain the initial two items to no 
more than one ruling each.  

Reason of the study - theory, overall issue, purpose 
Fundamental goal 
To the point depiction of the research 
Consequences, including definite statistics - if the consequences are quantitative in nature, account quantitative data; results 
of any numerical analysis should be reported 
Significant conclusions or questions that track from the research(es) 

Approach: 

Single section, and succinct 
As a outline of job done, it is always written in past tense 
A conceptual should situate on its own, and not submit to any other part of the paper such as a form or table 
Center on shortening results - bound background information to a verdict or two, if completely necessary 
What you account in an conceptual must be regular with what you reported in the manuscript 
Exact spelling, clearness of sentences and phrases, and appropriate reporting of quantities (proper units, important statistics) 
are just as significant in an abstract as they are anywhere else 

Introduction:  

 

The Introduction should "introduce" the manuscript. The reviewer should be presented with sufficient background information to be 
capable to comprehend and calculate the purpose of your study without having to submit to other works. The basis for the study should 
be offered. Give most important references but shun difficult to make a comprehensive appraisal of the topic. In the introduction, 
describe the problem visibly. If the problem is not acknowledged in a logical, reasonable way, the reviewer will have no attention in your 
result. Speak in common terms about techniques used to explain the problem, if needed, but do not present any particulars about the 
protocols here. Following approach can create a valuable beginning: 

Explain the value (significance) of the study  
Shield the model - why did you employ this particular system or method? What is its compensation? You strength remark on its 
appropriateness from a abstract point of vision as well as point out sensible reasons for using it. 
Present a justification. Status your particular theory (es) or aim(s), and describe the logic that led you to choose them. 
Very for a short time explain the tentative propose and how it skilled the declared objectives. 

Approach: 

Use past tense except for when referring to recognized facts. After all, the manuscript will be submitted after the entire job is 
done.  
Sort out your thoughts; manufacture one key point with every section. If you make the four points listed above, you will need a

 

least of four paragraphs. 
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Abstract: 

The summary should be two hundred words or less. It should briefly and clearly explain the key findings reported in the manuscript--
must have precise statistics. It should not have abnormal acronyms or abbreviations. It should be logical in itself. Shun citing references 
at this point. 

An abstract is a brief distinct paragraph summary of finished work or work in development. In a minute or less a reviewer can be taught 
the foundation behind the study, common approach to the problem, relevant results, and significant conclusions or new questions.  

Write your summary when your paper is completed because how can you write the summary of anything which is not yet written? 
Wealth of terminology is very essential in abstract. Yet, use comprehensive sentences and do not let go readability for briefness. You can 
maintain it succinct by phrasing sentences so that they provide more than lone rationale. The author can at this moment go straight to 

                   



 

  

 
 

principle while stating the situation. The purpose is to text all particular resources and broad procedures, so that another person may 
use some or all of the methods in one more study or referee the scientific value of your work. It is not to be a step by step report of the 
whole thing you did, nor is a methods section a set of orders. 

 

Materials: 

Explain materials individually only if the study is so complex that it saves liberty this way. 
Embrace particular materials, and any tools or provisions that are not frequently found in laboratories.  
Do not take in frequently found. 
If use of a definite type of tools. 
Materials may be reported in a part section or else they may be recognized along with your measures. 

Methods:  

Report the method (not particulars of each process that engaged the same methodology) 
Describe the method entirely 
To be succinct, present methods under headings dedicated to specific dealings or groups of measures 
Simplify - details how procedures were completed not how they were exclusively performed on a particular day.  
If well known procedures were used, account the procedure by name, possibly with reference, and that's all.  

Approach:  

It is embarrassed or not possible to use vigorous voice when documenting methods with no using first person, which would 
focus the reviewer's interest on the researcher rather than the job. As a result when script up the methods most authors use 
third person passive voice. 
Use standard style in this and in every other part of the paper - avoid familiar lists, and use full sentences. 

What to keep away from 

Resources and methods are not a set of information. 
Skip all descriptive information and surroundings - save it for the argument. 
Leave out information that is immaterial to a third party. 

Results: 

 
 

The principle of a results segment is to present and demonstrate your conclusion. Create this part a entirely objective details of the 
outcome, and save all understanding for the discussion. 

 

The page length of this segment is set by the sum and types of data to be reported. Carry on to be to the point, by means of statistics and 
tables, if suitable, to present consequences most efficiently.You must obviously differentiate material that would usually be incorporated 
in a study editorial from any unprocessed data or additional appendix matter that would not be available. In fact, such matter should not 
be submitted at all except requested by the instructor. 
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Present surroundings information only as desirable in order hold up a situation. The reviewer does not desire to read the 
whole thing you know about a topic. 
Shape the theory/purpose specifically - do not take a broad view. 
As always, give awareness to spelling, simplicity and correctness of sentences and phrases. 

Procedures (Methods and Materials): 

This part is supposed to be the easiest to carve if you have good skills. A sound written Procedures segment allows a capable scientist to 
replacement your results. Present precise information about your supplies. The suppliers and clarity of reagents can be helpful bits of 
information. Present methods in sequential order but linked methodologies can be grouped as a segment. Be concise when relating the 
protocols. Attempt for the least amount of information that would permit another capable scientist to spare your outcome but be
cautious that vital information is integrated. The use of subheadings is suggested and ought to be synchronized with the results section. 
When a technique is used that has been well described in another object, mention the specific item describing a way but draw the basic 



 

 

Do not present the similar data more than once. 
Manuscript should complement any figures or tables, not duplicate the identical information. 
Never confuse figures with tables - there is a difference. 

Approach 
As forever, use past tense when you submit to your results, and put the whole thing in a reasonable order.
Put figures and tables, appropriately numbered, in order at the end of the report  
If you desire, you may place your figures and tables properly within the text of your results part. 

Figures and tables 
If you put figures and tables at the end of the details, make certain that they are visibly distinguished from any attach appendix 
materials, such as raw facts 
Despite of position, each figure must be numbered one after the other and complete with subtitle  
In spite of position, each table must be titled, numbered one after the other and complete with heading 
All figure and table must be adequately complete that it could situate on its own, divide from text 

Discussion: 

 

The Discussion is expected the trickiest segment to write and describe. A lot of papers submitted for journal are discarded based on
problems with the Discussion. There is no head of state for how long a argument should be. Position your understanding of the outcome
visibly to lead the reviewer through your conclusions, and then finish the paper with a summing up of the implication of the study. The
purpose here is to offer an understanding of your results and hold up for all of your conclusions, using facts from your research and
generally accepted information, if suitable. The implication of result should be visibly described. 
Infer your data in the conversation in suitable depth. This means that when you clarify an observable fact you must explain mechanisms
that may account for the observation. If your results vary from your prospect, make clear why that may have happened. If your results
agree, then explain the theory that the proof supported. It is never suitable to just state that the data approved with prospect, and let it
drop at that. 

Make a decision if each premise is supported, discarded, or if you cannot make a conclusion with assurance. Do not just dismiss
a study or part of a study as "uncertain." 
Research papers are not acknowledged if the work is imperfect. Draw what conclusions you can based upon the results that
you have, and take care of the study as a finished work  
You may propose future guidelines, such as how the experiment might be personalized to accomplish a new idea. 
Give details all of your remarks as much as possible, focus on mechanisms. 
Make a decision if the tentative design sufficiently addressed the theory, and whether or not it was correctly restricted. 
Try to present substitute explanations if sensible alternatives be present. 
One research will not counter an overall question, so maintain the large picture in mind, where do you go next? The best
studies unlock new avenues of study. What questions remain? 
Recommendations for detailed papers will offer supplementary suggestions.

Approach:  

When you refer to information, differentiate data generated by your own studies from available information 
Submit to work done by specific persons (including you) in past tense.  
Submit to generally acknowledged facts and main beliefs in present tense.  
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Content 

Sum up your conclusion in text and demonstrate them, if suitable, with figures and tables.  
In manuscript, explain each of your consequences, point the reader to remarks that are most appropriate. 
Present a background, such as by describing the question that was addressed by creation an exacting study. 
Explain results of control experiments and comprise remarks that are not accessible in a prescribed figure or table, if 
appropriate. 
Examine your data, then prepare the analyzed (transformed) data in the form of a figure (graph), table, or in manuscript form. 

What to stay away from 
Do not discuss or infer your outcome, report surroundings information, or try to explain anything. 
Not at all, take in raw data or intermediate calculations in a research manuscript.                    



 

Do not give permission to anyone else to "PROOFREAD" your manuscript. 

Methods to avoid Plagiarism is applied by us on every paper, if found guilty, you will be blacklisted by all of our collaborated
research groups, your institution will be informed for this and strict legal actions will be taken immediately.) 
To guard yourself and others from possible illegal use please do not permit anyone right to use to your paper and files. 

The major constraint is that you must independently make all content, tables, graphs, and facts that are offered in the paper.
You must write each part of the paper wholly on your own. The Peer-reviewers need to identify your own perceptive of the
concepts in your own terms. NEVER extract straight from any foundation, and never rephrase someone else's analysis. 
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Please carefully note down following rules and regulation before submitting your Research Paper to Global Journals Inc. (US):  

Segment Draft and Final Research Paper: You have to strictly follow the template of research paper. If it is not done your paper may get
rejected.  



 

 

CRITERION FOR GRADING A RESEARCH PAPER (COMPILATION)
BY GLOBAL JOURNALS INC. (US)

Please note that following table is only a Grading of "Paper Compilation" and not on "Performed/Stated Research" whose grading 

solely depends on Individual Assigned Peer Reviewer and Editorial Board Member. These can be available only on request and after 

decision of Paper. This report will be the property of Global Journals Inc. (US).

Topics Grades

A-B C-D E-F

Abstract

Clear and concise with 

appropriate content, Correct 

format. 200 words or below 

Unclear summary and no 

specific data, Incorrect form

Above 200 words 

No specific data with ambiguous 

information

Above 250 words

Introduction

Containing all background 

details with clear goal and 

appropriate details, flow 

specification, no grammar 

and spelling mistake, well 

organized sentence and 

paragraph, reference cited

Unclear and confusing data, 

appropriate format, grammar 

and spelling errors with 

unorganized matter

Out of place depth and content, 

hazy format

Methods and 

Procedures

Clear and to the point with 

well arranged paragraph, 

precision and accuracy of 

facts and figures, well 

organized subheads

Difficult to comprehend with 

embarrassed text, too much 

explanation but completed 

Incorrect and unorganized 

structure with hazy meaning

Result

Well organized, Clear and 

specific, Correct units with 

precision, correct data, well 

structuring of paragraph, no 

grammar and spelling 

mistake

Complete and embarrassed 

text, difficult to comprehend

Irregular format with wrong facts 

and figures

Discussion

Well organized, meaningful 

specification, sound 

conclusion, logical and 

concise explanation, highly 

structured paragraph 

reference cited 

Wordy, unclear conclusion, 

spurious

Conclusion is not cited, 

unorganized, difficult to 

comprehend 

References

Complete and correct 

format, well organized

Beside the point, Incomplete Wrong format and structuring
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