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Chronic non-communicable diseases are responsible for a large majority of deaths worldwide. These 
include cardiovascular and respiratory diseases, diabetes and cancer. Inflammation has been reported 
to be involved in the initiation or progression of these conditions. Populations in developing or low to 
middle- income countries often rely on traditional medicine using locally available herbs and plants for 
their medical care. This study examined the anti-inflammatory potential of aqueous extracts of twelve 
medicinal plants used in Nigeria.  The antioxidant activity was estimated using the total radical-trapping 
antioxidant parameter (TRAP) and ferric reducing ability (FRAP) assays. The abilities to inhibit nuclear 
factor kappa light chain enhancer of activated B cells (NfkB), a key regulator of the inflammatory 
response, and to activate nuclear factorE2 related factor 2 (Nrf2), a transcription factor that regulates 
cellular antioxidant defense systems, were determined using in vitro cell based assays. Extracts of 
Erythrina senegalensis (leaves), Sclerocarya birrea (bark), Boswellia dalzielli (leaves and bark), 
Pseudrocedrila kotschyi (bark), Sterculia setigera (stem bark), and Sarcocephalus esculentus (bark) 
contained the highest levels of antioxidant activity. Extracts that showed the greatest inhibition of NfkB 
were S. esculentus (bark), 91.8%; E. senegalensis (leaves), 81.4%; S. birrea (stem bark), 77.5%; and S. 
setigera (stem bark), 75.5%. B. dalzielli (leaves) and Xylopia aethiopica (leaves) gave 7.4 and 7.7 fold 
activation of Nrf2, respectively. These were comparable to activation by sulphorophane. 
 
Key words: NfkB inhibition, Nrf2 activation, antioxidant activity, inflammation, medicinal plants, Nigeria.   

 
 
INTRODUCTION 
 
According to the World Health Organization, more than 
70% of deaths worldwide can be attributed to chronic 
non-communicable diseases. These include 
cardiovascular diseases, cancer, respiratory diseases, 
and diabetes (WHO, 2018; Unwin and Albert, 2006). The 
majority of these deaths occur in  developing  and  low- to 

middle-income countries where people rely on traditional 
medicine for their everyday health care (WHO, 2019). 
Inflammation is reported to play a role in the initiation 
and/or progression of many of these conditions (Kosmas 
et al., 2019; Christodoulidis et al., 2014; Kundu and Surh, 
2008; Fernandes et al., 2015; Wang et al.,  2018;  Shaikh  
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et al., 2019; Tsalamandris et al., 2019;Baker et al., 2011).  

Inflammation is initiated by the innate immune system 
in response to infection or tissue injury. Activated 
macrophages and neutrophils release reactive oxygen 
species (ROS) such as superoxide, hydrogen peroxide, 
nitric oxide, and pro-inflammatory cytokines that include 
TNFα (Abbas et al., 2012). Both ROS and TNFα activate 
NFκB, a proinflammatory transcription factor that is a 
critical regulator of the inflammatory response (Liu et al., 
2017; Kunnumakkara et al., 2020).NFκB regulates a 
large number of genes involved in processes of the 
immune and inflammatory responses as well as the 
expression of enzymes involved in the generation of ROS 
including  NADPH oxidase (Anrather et al., 2006), NO 
synthase (Li et al., 2007), cyclooxygenase (Deng et al., 
2003), xanthine oxidase (Xu et al., 1996), and 
phospholipase A2  (Schutze et al., 1992; Szymczak-Pajor 
et al., 2020).  

Although mounting an immune response to infection or 
injury is essential to life, unregulated production of ROS 
may result in chronic inflammation. The generation of 
ROS beyond cellular antioxidant capacity can damage 
DNA, proteins, lipids and cell membranes (Farber, 1994) 
and result in the initiation of various chronic diseases. 
Balancing the production of ROS with their removal is 
attained by activating cellular antioxidant defense 
systems. Nrf2 is the primary transcription factor that 
regulates the synthesis of various detoxification enzymes 
and proteins such as glutathione-S transferases, NADPH: 
quinone oxidoreductaase, gamma-glutamylcysteine 
synthase, ferritin, and heme oxygenase (Chen and 
Kunsch, 2004). Inhibiting NFκB and increasing Nrf2 
activity in the occurrence of excessive ROS production 
may provide a therapeutic approach to treating chronic 
inflammation (Chen and Kunsch, 2004; Gupta et al., 
2010; Zhang et al., 2017; Sivandzade et al., 2019). 

Although steroids and other non-steroidal drugs are 
commonly used for treating inflammatory disorders, 
populations in many low- income and developing 
countries rely on traditional medicine for their health care 
because conventional pharmaceuticals are costly or may 
not be accessible (WHO, 2019; Oyebode et al., 2016; 
James et al., 2018). Traditional medicine practitioners 
commonly use infusions or decoctions made from plants 
available in their area (Gurib-Fakim, 2006). Plant extracts 
contain antioxidants and other phytochemicals that have 
been demonstrated to affect various transcription factors 
and cytokines involved in the inflammatory process 
(Spelman et al., 2006; Talhouk et al, 2007; Orlando et al., 
2010; Ghosh et al., 2016; Qin and Hou, 2016).   

It is estimated that more than 80% of Nigerians rely on 
traditional healers and herbal remedies made from whole 
plants or plant parts such as leaves, bark, and roots 
(Odugbemi, 2006). The present study aimed to determine 
the antioxidant capacity of aqueous extracts of 12 plants 
commonly used by traditional medical practitioners in 
Nigeria. The ability of these preparations to  inhibit  NFκB  

 
 
 
 
and activate Nrf2 activities in cell-based assays was also 
determined.    
 

 
MATERIALS AND METHODS 
 
Specimen collection 
 
Plants used for medicinal purposes were collected in the Babale 
Ward in the Jos North Local Government area of Plateau State, 
Nigeria. Plants were identified and authenticated by Dr. M. Adul-
Kareem from the Department of Horticulture at the Federal College 
of Forestry, Plateau State, Nigeria. Voucher specimens were 
deposited at the Herbarium of the Federal College of Forestry at the 
same location.  

After removing dirt and debris by rinsing with water, the plants 
were in the shade. The plants were separated into parts (leaves, 
stem bark, bark). Some specimens were analyzed in the whole 
plant form. Samples were transported to Albuquerque, NM, USA for 
analyses. Prior to analyses, specimens were ground to a fine 
powder in a stainless steel grinder and dried in a vacuum 
desiccator to constant weight. A list of the plant materials collected 
for analyses and some of their common uses are presented in 
Table 1.  
 
 

Preparation of aqueous extracts 
 
Aqueous plant extracts were prepared by adding 10 ml of distilled 
water to 0.5 g of sample in a 16 × 150 mm Pyrex glass tube. After 
vortexing, samples were heated at 80°C for 30 min. The samples 
were then centrifuged  (Fisherbrand 614 series centrifuge, Fisher 
Scientific, Waltham, MA, USA)at 1200 g for 10 min to clarify the 
extract. The clarified samples were filter-sterilized and stored at 4°C 
in the dark until analyzed or at -70° for longer term storage.  
 
 
Antioxidant capacity determination 
 

The term antioxidant includes substances with different mechanisms 
of action. Since no single assay can recognize all the different types 
of antioxidants, the antioxidant capacity of the aqueous extracts 
was determined by two different methods (Schleiser et al., 2002; 
Huang et al., 2005): the total radical-trapping antioxidant parameter 
assay (TRAP) (Re et al., 1999) and the ferric reducing ability assay 
(FRAP) (Benzie and Strain, 1999). The TRAP assay measures the 
ability of antioxidants in the sample to interfere with the reaction 
between peroxyl radicals and a target probe.  It is useful for 
determining the content of non-enzymatic antioxidants, such as 
glutathione and ascorbic acid. The FRAP assay reflects the 
electron reducing power of antioxidants (Moon and Shibamoto, 
2009). 
 
 
TRAP assay 
 

For the TRAP assay, 2, 2‟-azino-bis (3-ethylbenzthiazoline-6-
sulfonic acid) (ABTS) (Sigma Aldrich, St. Louis. MO, USA) was 
reacted with potassium persulfate in the dark, overnight, to 
generate the colored ABTS

. + 
radical cation, which has an absorption 

maximum at 734 nm. The activity of the plant preparations was 
determined by their ability to quench the color of the radical cation. 
Duplicate 10 µl aliquots of the extracts were used for analysis. 
Dilutions of the sample extracts were madcorrespond to the 
standard curve generated using Trolox (6-hydroxy-2, 5, 7, 8 
tetramethylchroman-2-carboxylic acid (Sigma Aldrich, St. Louis, 
MO,   USA)  as  the  reference  material.   Duplicate  measurements  



VanderJagt et al.          3 
 
 
 
Table 1.  Nigerian medicinal plants investigated for their antioxidant and anti-inflammatory properties. 
 

Local name (Hausa) Plant parts analyzed 
Some common uses  

(Borokini, 2011; Odugbemi, 2006) 

Annona senegalensis  Gwandar daaji Bark, leaves 
Dysentery, venereal disease, toothache, 
cough, wound healing, gastrointestinal 
disorders  

Boswellia dalzielli Ararrabi, haro, harrabi Bark, leaves Trypanosomiasis, malaria 

Erythrina senegalensis Mingirya 
Whole plant, 

Leaves 

Jaundice, amenorrhea, dysentery, 
pneumonia, infections, Schistosomiasis  

Ficus thonningii Che‟diya Bark, leaves Fever, dysentery, wound healing  

Khaya senegalensis Madaacii Bark Malaria   

Kigelia Africana Rawaya Whole plant 
Dysentery, rheumatism, cough, malaria, 
gonorrhea  

Momordica balsamina Garahuni Whole plant Malaria, fever, jaundice, stomach ache  

Pseudocedrela kotschyi Tonas Bark Fever, dysentery, hemorrhoids  

Sarcocephalus esculentes Tabashiiye Whole plant, bark Fever  

Sclerocarya bierra Dania Stem bark, leaves 
Dysentery, rheumatism, gonorrhea, 
hypertension, Malaria prophylaxis  

Sterculia setigera   Stem bark, leaves 
Diarrhea, dysentery, ulcers, boils, 
gastrointestinal disorders  

Xylopia aethiopica Kimba dutse Leaves 
Neuralgia, stomach ache, bronchitis, 
gonorrhea, antimicrobial activity  

Annona senegalensis  Gwandar daaji Bark, leaves 
Dysentery, venereal disease, toothache, 
cough, wound healing, gastrointestinal 
disorders  

Boswellia dalzielli Ararrabi, haro, harrabi Bark, leaves Trypanosomiasis, malaria 

Erythrina senegalensis Mingirya 
Whole plant, 

Leaves 

Jaundice, amenorrhea, dysentery, 
pneumonia, infections, Schistosomiasis  

Ficus thonningii Che‟diya Bark, leaves Fever, dysentery, wound healing  

Khaya senegalensis Madaacii Bark Malaria   

Kigelia Africana Rawaya Whole plant 
Dysentery, rheumatism, cough, malaria, 
gonorrhea  

Momordica balsamina Garahuni Whole plant Malaria, fever, jaundice, stomach ache  

Pseudocedrela kotschyi Tonas Bark Fever, dysentery, hemorrhoids  

Sarcocephalus esculentes Tabashiiye Whole plant, bark Fever  

Sclerocarya bierra Dania Stem bark, leaves 
Dysentery, rheumatism, gonorrhea, 
hypertension, Malaria prophylaxis  

Sterculia setigera   Stem bark, leaves 
Diarrhea, dysentery, ulcers, boils, 
gastrointestinal disorders  

Xylopia aethiopica Kimba dutse Leaves 
Neuralgia, stomach ache, bronchitis, 
gonorrhea, antimicrobial activity  

 
 
 
were made and given as the average.  Results are expressed as 
the mmol Trolox equivalents/ml aqueous extract.  
 
 
FRAP assay 
 
For the FRAP assay, the ferric complex of 2,4,6–tripyridyl-s-triazine 
was prepared at acidic pH, and the anti-oxidant  activities of the 
plant preparations were determined by their abilities  to  reduce  the 

ferric complex to the ferrous complex, monitored by formation of the 
ferrous complex at 593 nm.  Results are expressed as the mmol  
Trolox equivalents/ml aqueous extract. 
 
 
Inhibition of NFκB activation  
 
An NFkB reporter stable cell line derived from human 293T 
embryonic kidney cells  (293T/NFκB-luc) (Panomics, Inc.  Redwood  
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City, CA) was grown in a humidified atmosphere at 37°C in 5% 
CO2/95% air. The cells were maintained in Dulbecco‟s Modified 
Eagle‟s Medium (DMEM-high glucose containing 4 mM glutamine) 
supplemented with 10% fetal bovine serum (FBS), 1 mM sodium 
pyruvate, 100 units/ml penicillin, 100 µg/ml streptomycin and 100 
µg/ml hygromycin (Gibco/Invitrogen, Carlsbad, CA) to maintain cell 
selection.  One day before treatment with the plant extracts, the 
293T/NFkB-luc cells were plated into 24-well cell culture plates  
 (Costar, Cambridge, MA) at approximately 70% confluency in the 
above media without hygromycin.  The following day cells were fed 
fresh media 1 h prior to treatment. Media, with or without 
recombinant tumor necrosis factor (TNFα, 2ng/ml) (R&D 
Biosciences/clontech, Palo Alto, CA), was then applied to the cells 
followed by immediate addition of 50µL plant extracts. The cells 
were then placed in a humidified atmosphere in 5% CO2/95% air for 
7 h. Plate wells were gently washed with 1x passive lysis buffer 
(Promega, Madison, WI).  The subsequent lysates were analyzed 
using the Luciferase Assay System (Promega) utilizing a TD-20/20 
luminometer (Turner Designs, Sunnyvale, CA). The firefly luciferase 
relative light units were normalized to protein (mg/ml) with BCA 
Protein Assay Kit (Pierce, Rockford, Il) and standardized to percent 
of control (TNFα control).  Results (percent of control) are given as 
the average of duplicate analyses.  

 
 
Activation of Nrf2 
 
As previously described (Deck et al., 2017), a Nrf2-ARE reporter-
Hep G2 stable cell line (BPS Bioscience, San Diego, CA, USA) was 
grown in a humidified atmosphere at 37

O
C in CO2 (5%)/air (95%).  

The cells were maintained in MEM medium with Earles balanced 
salts and L-glutamine (Gibco, Invitrogen, Carlsbad, CA, USA) 
supplemented with 10% fetal bovine serum (FBS), 1 mM sodium 
pyruvate, 1% non-essential amino acids, penicillin (100 units/ml), 
streptomycin (100 µg/ml), and Geneticin (400 µg/ml) to maintain cell 
selection.   

One day prior to treatment, the Nrf2-ARE cells were plated into 
24-well cell culture plates (costar, Cambridge, MA, USA) at 
approximately 30% confluency in the above media without 
Geneticin. The following day, fresh media with or without 
sulforaphane (15 µM) was added to appropriate wells as controls.  
Plant extracts (50 µl) were then applied to the sample wells.  The 
cells were again placed in a humidified atmosphere at 37°, CO2 

(5%), air (95%) for 24 h. Cells were washed with phosphate 
buffered saline (PBS), pH 7.4, and lysed with 1x passive lysis buffer 
(Biotium, Hayward, CA, USA). The lysates were analyzed using the 
Luciferase Assay System (Biotium, Hayward, CA, USA) and a E-
5311 GloMax 20/20 luminometer (Promega, Sunnyvale CA, USA). 
The firefly luciferase relative light units were normalized to protein 
(mg/ml) determined using the BCA Protein Assay Kit (Pierce, 
Rockford, IL, USA) and then standardized to percent of control 
activation.  

 
 
Plant extract toxicity 

 
Plants commonly used in traditional medicine are assumed to be 
safe of acute toxicity based on their long-term usage.  However, 
some recent studies have shown that many plants may contain 
toxic, mutagenic, or carcinogenic compounds (Letsyo et al., 2017; 
Mounanga et al., 2015; Valdivia-Correa et al., 2016). For 
determination of cell viability in the presence of the plant extracts, 
293T/NFκB-luc cells were prepared as described above and then 
plated at approximately 5,000 cells/well in a 96-well plate. Triplicate 
plant extracts, 10 µl in 100 µl media, were then added to the wells.  
Appropriate dilutions of the plant extracts were made to equal the 
amount used in the NFκB inhibition analyses. After incubating for  6  

 
 
 
 
h, 10 µl WST-1 Cell Proliferation Reagent (Roche Applied Science, 
Indianapolis, IN, USA) was added and the cells were incubated as 
described above for 45 min. The WST-1 dye is reduced by 
metabolically active cells and was quantified 450 nm using a 
Spectromax plate reader (Molecular Devices Co., Sunnyvale CA, 
USA). Results are expressed as the percent absorption of control 
(untreated) cells 
 
 
RESULTS 
 
Antioxidant activity 
 
In the TRAP assay, Erythrina senegalensis (leaves) and 
Sclerocarya birrea (bark) exhibited antioxidant activities 
approximately five times higher than the following two 
highest plants: Boswellia dalzielli (both leaves and bark) 
and Pseudocedrela kotschyi (bark) (Figure 1). Sterculia 
setigera (stem bark) and Sarcocephalus esculentus 
(bark) had the next highest activities.   

In the FRAP assay, E. senegalensis (leaves), P. 
kotschyi (bark), and S. birrea (bark) had the highest 
activity, followed by B. dalzielli (bark and leaves) (Figure 
2).  
 
 
NFkB inhibition 
  
The inhibition of NFκB activation by the plant extracts in 
the presence of TNFα is shown in Figure 3.  Plant 
extracts that inhibited the activation by more than 50% 
are: S. esculentus (bark) 91.8%; E. senegalensis 
(leavesl) 81.4%; S. bierra (stem bark) 77.5%; S. setigera 
(stem bark) 75.5%; Khaya senegalensis (bark) 62.4%; 
and Annona senegalensis (bark) 53.1%. The remainder 
of the plant extracts gave less than 50% inhibition. 
 
 
Activation of Nrf2 
 

Two plant preparations gave activation of Nrf2 
comparable to sulphorophane, a known promoter of Nrf2 
activity (Keum, 2011) (Figure 4). Extracts of B. dalzielli 
(leaves) and Xylopia aethiopica (leaves) demonstrated a 
7.4 and 7.7 fold increase in Nrf2 over baseline (no 
sulphorophane), respectively. These activities were equal 
to 83 and 81% of the sulphorophane activation.  
 
 

Correlation of antioxidant capacity and NFκB 
inhibition 
 

The antioxidant capacity as determined by the TRAP 
assay was significantly correlated with NFkB inhibition 
(p=0.002, r =-0.64). A significant relation was also 
observed between antioxidant capacity determined by the 
FRAP assay and NFκB inhibition (p=0.008, r= -0.569). 
Correlation between the FRAP and TRAP antioxidant 
activities was also found (p=0.001, r=0.89). 
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Figure 1. TRAP assay: mmoles Trolox equivalents/ml aqueous 
extract. Plant: 1. Annona senegalensis (a) bark, (b) leaves; 2. 
Boswellia dalzielli (a) bark, (b) leaves; 3. Erythrina senegalensis (a) 
whole plant, (b) leaves; 4. Ficus thonningi (a) bark, (b) leaves; 5. 
Khaya senegalensis, bark; 6. Kigelia Africana, whole plant; 7. 
Momordica balsamina, whole plant; 8. Pseudocedrela kotschyi, 
bark; 9. Sarcocephalus esculentus (a) whole plant, (b) bark; 10. 
Sclerocarya birrea (a) stem bark, (b) leaves; 11. Sterculia setigera 
(a) stem bark, (b) leaves; 12. Xylopia aethiopica, leaves.   

 
 
 

 
 

Figure 2. FRAP assay: mmoles Trolox equivalents/ml aqueous 
extract. Plant: 1. Annona senegalensis (a) bark, (b) leaves; 2. 
Boswellia dalzielli (a) bark, (b) leaves; 3. Erythrina senegalensis 
(a) whole plant, (b) leaves; 4. Ficus thonningi (a) bark, (b) leaves; 
5. Khaya senegalensis, bark; 6. Kigelia Africana, whole plant; 7. 
Momordica balsamina, whole plant; 8. Pseudocedrela kotschyi, 
bark; 9. Sarcocephalus esculentus (a) whole plant, (b) bark; 10. 
Sclerocarya birrea (a) stem bark, (b) leaves; 11. Sterculia 
setigera (a) stem bark, (b) leaves; 12. Xylopia aethiopica, leaves.     
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Figure 3. Percent NfkB inhibition per 10µl aqueous extract: Plant: 1. Annona 
senegalensis  (a) bark, (b) leaves;2. Boswellia dalzielli (a) bark, (b) leaves; 3. 
Erythrina senegalensis (a) whole plant, (b) leaves; 4. Ficus thonningi (a) bark, 
(b) leaves; 5. Khaya senegalensis, bark; 6.Kigelia Africana, whole plant; 7. 
Momordica balsamina, whole plant; 8. Pseudocedrela kotschyi, bark; 
9.Sarcocephalus esculentus bark (a) whole plant, (b) bark; 10. Sclerocarya 
birrea (a) stem bark, (b) leaves; 11. Sterculia setigera (a) stem bark, (b) 
leaves; 12. Xylopia aethiopica, leaves.   

 
 
 

 
 

Figure 4.  Nrf2 fold activation per 10µl extract. Plant: 1. Annona senegalensis 
(a) bark, (b) leaves: 2. Boswellia dalzielli (a) bark, (b) leaves; 3. Erythrina 
senegalensis (a) whole plant, (b) leaves; 4. Ficus thonningi (a) bark, (b) 
leaves; 5. Khaya senegalensis, bark; 6. Kigelia Africana, whole plant; 7. 
Momordica balsamina, whole plant; 8. Pseudocedrela kotschyi, bark; 9. 
Sarcocephalus esculentus (a) whole plant, (b) bark; 10. Sclerocarya birrea (a) 
stem bark, (b) leaves; 11. Sterculia setigera (a) stem bark, (b) leaves; 12. 
Xylopia aethiopica, leaves.   



 
 
 
 
Plant extract toxicity 
 
293TN/NFκB cells treated with plant extracts had 58 to 
100% viability compared to control (untreated cells): S. 
birrea (stem bark) 58%; S. esculentus (bark) 65%; E. 
senegalensis (leaves) 68%; Annona senegalensis (bark) 
70%; Pseudocedrela kotschyi (bark) 71%; Annona 
senegalensis (leaves) 76%; Khaya senegalensis (bark) 
80%; S. setigera (stem bark) 76%; Khaya senegalensis 
(bark) 80%; Ficus thonningii (bark) 89%; B. dalzielli (bark) 
84%; S.birrea (leaves) 90%; X. aethiopica (leaves) 92%; 
B.dalzielli (leaves) 98%;  S. setigera (leaves) 100%; 
Momordica balsamina (whole plant)  100%; Kigelia 
africana (whole plant) 100%; Ficus thonningii (leaves) 
100%; E. senegalensis (whole plant ) 100%; S. 
esculentus (whole plant)  100%.  
 
 
DISCUSSION 
 
Aqueous extracts of several of the Nigerian medicinal 
plants examined in this study, namely  E. senegalensis 
(leaves), S. birrea (stem bark), S. esculentus (bark), S. 
setigera (stem bark),  B. dalzielli  (bark),  and X. 
aethiopica  (leaves) inhibited  the pro-inflammatory  NFκB 
signaling pathway or activated the antioxidant  NrF2 
signaling pathway.  

E. senegalensis (leaves) had the highest antioxidant 
activity of the plants tested and was also a promising 
inhibitor of pro-inflammatory NFkB activation (81.4%).  A 
spiny tree found in west tropical Africa, it is commonly 
used as an ornamental shrub (Tropical Plants Database, 
2020). Decoctions of E. senegalensis leaves are 
traditionally used for treating wounds, various fevers, 
gastrointestinal disorders, and infertility in women (Togola 
et al., 2005).  An aqueous leaf extract was reported to 
provide a protective effect against oxidative liver damage 
in rats exposed to CCl4 (Wakawa and Hauwa, 2013).  In 
an in vivo study using the egg- albumin induced acute 
edema model, an aqueous extract of the stem bark 
demonstrated significant analgesic and anti-inflammatory 
activity in rats (Saidu et al., 2000). An ethanol extract of 
Erythrina senegalensis leaves was also reported to have 
wound healing activity in albino rats (Ilodigwe et al., 
2014).  Various phytochemicals have been isolated from 
the plant and may provide some of the anti-inflammatory 
and antioxidant activities observed (Kone et al., 2011). 

S. birrea is a medium –size deciduous tree found in the 
semi-arid and savannah regions of sub-Saharan Africa 
(National Research Council, 2008) and its fruit is a 
traditional African food.   Preparations from various parts 
of the tree are widely used throughout Africa for treating 
dysentery, diarrhea, indigestion, fungal infections, snake 
bite, and diabetes (Ojewole et al., 2010). In the present 
study, the aqueous bark extract had antioxidant levels 
comparable to Erythrina senegalensis and was also a 
good inhibitor of NFκB activation  (77.5%).  In  an  in  vivo  
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test of anti-inflammatory activity, both aqueous and 
methanol extracts of the stem bark were reported to 
reduce rat paw edema induced by egg albumin in Wistar 
rats (Ojewole, 2003; Fotio et al., 2009). Analyses of the 
stem bark and leaves of S. birrea demonstrated the 
presence of various phytochemicals such as phenols, 
flavonoids and flavonols that could contribute to the 
antioxidant and anti- inflammatory properties (Tanih and 
Ndip, 2012; Braca et al., 2003). 

The bark of the S. esculentus, widely found throughout 
West Africa (Dalziel, 1937, a) showed the most promising 
inhibition of NFκB activation of the extracts investigated  
in this study (91.8%).  Bark preparations are used for 
fevers, indigestion related halitosis, vomiting, and 
toothache. Otimenyin and co-workers (Otimenyin et al., 
2008) reported that aqueous extracts of the roots of S. 
esculentus inhibited egg-albumin induced rat paw edema 
and acetic acid-induced writhing in mice in a dose-
dependent manner.  

The two plants in this study that exhibited activation of 
Nrf2 comparable to sulforophane were B. dalzielli (bark) 
and X. aethiopica (leaves). B. dalzielli, found in northern 
Nigeria and the West African savannah (Dalziel, 1937b), 
is a species of the frankincense tree. Extracts of the leaf 
are used for diarrhea and extracts of the stem bark are 
commonly used for fever, rheumatism, and 
gastrointestinal disorders. (Mbiantcha et al., 2018)  
reported that a methanol extract of the stem bark had an 
anti-inflammatory effect in several models of rat paw 
edema including the carrageenan, arachidonic acid, 
histamine and bradykinin models (Mbiancha, 20018). The 
extract also significantly reduced the production and 
release of ROS from isolated human polymorphonuclear 
cells and mouse peritoneal macrophages and decreased 
the production of the inflammatory cytokines TNFα and 
IL-1b. In another study of the anti-inflammatory properties 
of the B. dalzielli stem bark, Kafuti et al. (2019) reported 
that the methanol and aqueous fractions of the extract 
had significant antioxidant activity measured by both a 
radical scavenging assay and the FRAP assay.  These 
results are in agreement with those obtained in our study 
using an aqueous preparation.  

X. aethiopica, an aromatic evergreen plant that is 
widespread in West Central and Southern Africa, is used 
for the treatment of fever, cough, dyspepsia, skin 
infections and muscular and rheumatic pain (Dalziel, 
1937). An ethanol/water extract of the leaves was 
reported to decrease TNFα and IL-6 levels in LPS 
activated THP-1 derived macrophages, suggesting its 
usefulness as an anti-inflammatory agent (Macedo et al., 
2020). Moukette et al., (2015)  tested ethanol and 
ethanol/water extracts of the X. aethiopica  bark in liver 
homogenates and found that both extracts exhibited 
antioxidant activity in both free radical scavenging and 
the FRAP assays. The present study used the 
unfractionated aqueous extract of the plants and did not 
identify individual components.  A  variety  of  compounds  
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may be present in plant extracts depending on the part of 
the plant used and the solvent used for preparing the 
extract. Constituents may include various vitamins (e.g., 
vitamin C, vitamin E, carotenoids) and other 
phytochemicals such as polyphenols. This may allow 
synergistic effects of multiple components to contribute to 
the antioxidant and anti-inflammatory effects observed 
(Gilbert and Alves, 2003). 

When using plant preparations for treatment, several 
factors need to be considered: the bioavailability of the 
active components, the co-extraction of toxic compounds, 
and interference in the efficacy of conventional 
pharmaceuticals when used simultaneously with the 
herbal preparations.  Polyphenols occur in multiple forms 
including glycosides and polymers. Depending on the 
particular polyphenol, the compounds must be acted on 
by intestinal enzymes prior to absorption by enterocytes 
and then modified by the liver prior to export into the 
circulation.  The rate of absorption has been shown to be 
dependent on the structure of the polyphenol (Kawabata 
et al., 2019; Silberberg et al., 2006). Herbal preparations 
may also interfere with the effectiveness of conventional 
pharmaceuticals by causing alterations in gastrointestinal 
function affecting absorption, inhibiting or inducing 
enzymes involved in metabolism, or affecting the renal 
excretion of drugs or their metabolites (Fasinu et al., 
2012).  

In addition to beneficial components, plants may also 
contain toxic compounds. For example, Letsyo and 
coworkers analyzed 70 herbal medicine products 
commonly used in Ghana and other West African 
countries and reported that 60% of them contained 
pyrrolizidine alkaloids (Letsyo et al., 2017).These are 
present as a defense against herbivores and occur 
predominantly as N-oxides. They show little or no toxicity 
in that form but are metabolized by the liver to toxic 
tertiary pyrrolizidine alkaloids. All of the plant extracts 
examined in this study gave viability of 65% or greater in 
the cell toxicity tests.   

In summary, aqueous extracts of the plants examined 
in this study showed anti-inflammatory activity by various 
mechanisms such as the inhibition of the pro-inflammatory 
NfkB signaling pathway or the activation of the Nrf2 
antioxidant signaling pathway in in vitro assays.  Further 
studies should include the identification of active 
components present in these extracts and the 
determination of their bioavailability in vivo  
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A high-fat diet is a major factor to the global obesity and diabetes epidemic. The mechanism underlying 
chronic fat-rich food exposure may raise cholesterol and inflammatory mediator levels. One of the key 
pathological hallmarks of cardiovascular disorders is the development of inflammatory markers (CVDs). 
The pathological action may also inhibit the insulin secretion, which triggers diabetes-associated 
psychological distress. Saffron is used for the beneficial effects on different diseases. Therefore, the 
presented study was conducted to assess the therapeutic profile of saffron on cardio-pathology and 
neuropsychology in rats, subjected on high-fat diet. The study used Sprague-dawley divided in normal 
diet (healthy control), high-fat diet treated control animals (HFDCs) and high-fat diet + Saffron (10 
mg/kg). After two weeks of treatment, Castelli's risk index, glucose, and insulin levels were analysed, 
followed by cervical dislocation. Saffron supplements resulted in a lower Castelli's risk index and an 
increase in insulin level with normoglycemic effects, implying cardioprotective and antidiabetic 
benefits. 
 
Key words: Cardiopathology, Castelli's risk index, depression, cholesterol, insulin, saffron. 

 
 
INTRODUCTION 
 
Cardiovascular diseases (CVDs) and depression are the 
leading causes of mortality and morbidity worldwide. It is 
known to evolve from multiple factors such as 
dyslipidemia, inflammation and endothelial dysfunction, 
the   hallmark  of  CVD.  Depression  entails  a  cluster  of  

transient emotions including distressed feeling and flat 
mood that may become severe enough to expose clinical 
symptoms (Mäkinen et al., 2014). It has been reported in 
many clinical trials and aetiological studies that 
depression is more  frequently seen in Patients with CVD.  
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The emerging trend of fat rich diets nowadays has 
escalated the occurrence of CVD. Fat rich diets contain 
trans fatty acids that alter lipid regulation crucial to 
maintain homeostasis of physiological systems. 
Augmented concentration of trans-fats in high fatty diets 
(HFD) may lead to interruption of normal mechanism and 
initiates risks of chronic diseases due to dyslipidemia and 
generation of inflammatory cytokines (Mayberry et al., 
2013). Dyslipidemia is mainly characterized as the 
elevated levels of total cholesterol, low density lipoprotein 
cholesterol (LDL-C), triglycerides and low levels of high-
density lipoprotein cholesterol (HDL-C). Furthermore,  the  
HFD are also responsible for induction of stress induced 
activation of hypothalamic-pituitary-adrenal axis (HPA 
axis) which stimulate the production of glucocorticoids 
and long term exposure of HPA axis may contribute to 
vicious cycle of increased inflammatory mediators  with 
augmented risk of depression and severity in CVDs (Liu 
et al., 2013).  

The Castelli risk index-I (CRI-I) has a significant 
diagnostic value comparable to total cholesterol 
assessment. It reflects production of coronary plaques 
and has a good correlation with insulin resistance (IR). IR 
is characterized as the impaired activation of insulin in 
liver muscles and adipocytes and appeared as metabolic 
disturbances (Vargas et al., 2014). A fat rich diet may 
elevate the level of lipolysis a key contributor of IR in 
adipocytes. As a result, free fatty acid turnover is 
enhanced, resulting in raised circulating levels, which 
trigger the pathogenic processes of CVDs and 
depression (Li et al., 2015).  

The management of CVDs involves therapeutics known 
as beta blockers, calcium channel blocker and 
anticoagulants; however, for depression antidepressant 
like selective serotonin reuptake inhibitors (SSRIs) are 
the most often. It is also important to mention here that 
some of the CVDs medications are reported to cause 
depressive symptoms as a side effect and may 
exaggerate the clinical symptoms of depression. 
Likewise, there are many controversial studies providing 
evidence of compromised cardiac health by the use of 
antidepressants (De Souza et al., 2015). As a result, the 
use of natural herbs as medicine, which has been 
practiced for millennia, has recently advanced in current 
CVD and depression treatments. Researchers are 
interested in studying the possible impacts of numerous 
natural substances and their bioactive compounds, which 
operate on several targets to alleviate chronic illnesses 
and their comorbidities. 

Crocus sativus L. is a useful spicy herb for the 
treatment of various ailments. Many clinical studies 
demonstrated its efficacy against depression and found it 
quite comparable with SSRI (Fluoxetine) as the 
administration of saffron increases the level of 
monoamine neurotransmitters in the synapse (Faridi et al., 
2019). Emerging research also indicates that saffron has 
a significant potential to prevent CVDs by inhibiting 
platelet aggregation and lowering LDL-C, since herbs with 

 
 
 
 
medicinal characteristics are now widely regarded as an 
important treatment option with fewer side effects. The 
main chemical constituents of saffron, causing modulation 
of the monoamine levels in brain and reduction of LDL-c 
in the body, are crocetin, crocin, saffranal, carotenoids, 
lycopene, anthocyanins and saponins (Lopresti and 
Drummond, 2014).  

Likewise, saffron, is known for its natural antioxidant 
properties. The existence of anthocyanins has gotten a 
lot of attention in this respect, and they, together with 
other ingredients, allow for a reduction in prostaglandin 
production by inhibiting the cyclooxygenase 1 and 2 
enzymes. Anthocyanins have also been shown to inhibit 
the endoplasmic reticulum's ability to create inflammatory 
cytokines (Gwarzo et al., 2014). Therefore, the present 
study intended to evaluate the therapeutic effects of 
saffron in rats fed with high fat diet in related with 
neuropsychology and cardio-protection. 
 
 
METHODOLOGY 
 
Collection of plant 
 
Dried stamens of saffron were bought from local market of Karachi. 
Specimen was preserved in herbarium with voucher number CS-
ST-08-18-05 in Natural Products Research Division, Department of 
Biological and Biomedical Sciences, The Aga Khan University, 
Karachi. 

 
 
Methanolic extract preparation 
 
After cleaned of adulterants, weighed approximately 40 g saffron 
were soaked in 2 L of 70% methanol for 3 days with intermittent 
shaking followed by filtration with muslin cloth and then “whatman 
qualitative grade-1 filter paper.” All filtrate were then combined and 
subjected to rotary evaporator in order to concentrate the filtrate 
with maintained temperature 35-40°C and the subnormal pressure. 
The ultimate product was crude (Wt.Cr) with 13% yield (wt/wt) was 
obtained which was soluble in saline as well as in distilled water. 
Fresh dilutions were prepared every time prior the administration.  

 
 
Experimental animals 

 
The experiment was carried out using eighty 200 g Sprague-dawley 
rats from the Aga Khan University's animal house in Karachi, 
according to a protocol authorized by the Ethical Committee of 
Animal Care and Use under number 68 ECACU-BBS-17. The 
guidelines made by National Institute of Health (NIH) Care and Use 
of laboratory animals were also strictly followed (Publication No. 85-
23, revised 1985. All animals were kept in clean plastic cages in a 
strictly regulated environment with a 12 h light/dark cycle and a 
temperature of 22°C, with free access to a standard rodent feed 
and clean tap water. Animals were individually treated respective to 
their group name as Normal diet (Healthy control), High fat diet 
treated control animals (HFDC) and High fat diet+ Saffron (Saff). 
Saffron were given to animals individually at dose 10 mg/kg (orally). 

 
 
Composition of normal and high fat diet 
 
Normal diet (ND) was developed at the animal house of  Aga  Khan  



 
 
 
 
University. ND consists of (gram of dietary constituents per kilogram 
body weight of rats): fiber 380, flour 380, molasses 12, powdered 
milk 150, sodium chloride 5.8, vegetable oil 38, potassium 
metabisulphate 1.2, nutrivet-L 2.5, and fish meal 170.  

In addition to typical diet components, a high fat diet (HFD) were 
constructed using a combination of cholesterol, cholic acid, and 
butter fat (2, 0.5, and 5% w/w, respectively). 
 
 
Experimental protocol 
 
Animals were randomly divided into 3 group (n=10) as healthy 
control (HC), HFDC and High fat diet test group of methanolic 
extract of saffron (Saff). All animals treated according to their 
groups for two weeks. At the end of experiment blood and brain 
samples of animals were collected through cervical dislocation. 
Blood samples were collected in heparin-containing test tubes and 
stored at room temperature for 30 min before being centrifuged at 
15,000 g for 10 min. Brain samples were promptly washed with 
saline and kept at -20°C until analysis. 
 
 
Behavioral assessment  
 
Forced swim test (FST) 
 
Forced swim test is the assessment of animal depressive behavior. 
The apparatus for this test was consist of a container with 56 cm 
height and 30 cm width. The container was filled with water at the 
height of 22 cm and temperature of 25°C. The depth of water was 
adjusted to avoid the contact of tail to the bottom as well as to 
escape from the apparatus. Animals were subjected to swim and 
struggling time (Latency to immobilize) recorded for six minutes. 
 
 
Biochemical estimations 
 
Estimation of blood TG/LDL/HDL-cholesterol 
 
The determinants of lipid content of TG/LDL/HDL-cholesterol were 
done by using Roche kits Cobas c 111 (Roche, Pakistan). 
 
 
Determination of Castelli's risk index 
 
The indices were calculated using the following formulae: 
 
Castelli's risk index-I (CRI-I) = TC/HDL-c 
Castelli’s Risk Index (CRI-II) = LDL-c/HDL-c. 
 
 
Estimation of insulin  
 
Insulin level (U/l) determination was done by Ultra-Sensitive Rat 
Insulin ELISA Kit (Crsytal Chem, USA). 
 
 
Estimation of fasting blood glucose levels  
 
The animals were fasted overnight, and blood was collected from 
their tails to calculate fasting blood glucose levels (mmol/lit) using 
an Accu-Check Performa glucometer. 
 
 
Estimation of brain derived neurotropic factor (BDNF) level 
 

Serum BDNF was quantified using an ELISA method (Cloud Clone  
Corp. BDNF Sandwich ELISA  kit,  SEA011Mi,  USA)  following  the  
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instructions of the manufacturer.  

 
 
Statistical analysis 
 
Results are represented as mean ± SD. Data of behavioral and 
biochemical analysis evaluated by one-way ANOVA of SPSS 
version 20. Tukey's test was used for post hoc analysis. Non-
significant was defined as p >0.05. 

 
 
RESULTS 
 
Effects on Castelli's risk index 
 
Figure 1 presents the effects of saffron for two weeks on 
CRI-I in high fat diet treated rats. Statistical analysis by 
one-way ANOVA revealed a significant effect of saffron 
(F2.27 = 33.5, p<0.05). The post hoc Tukey’s test revealed 
that the ratio of TC/HDL-cholesterol was significantly 
higher in high fat diet treated rats (HFDC) than normal 
diet treated rats (HC) (p<0.05). However, the saffron 
group showed significantly (p<0.05) lower CRI-I than 
HFDC group.  

Figure 2 presents the effects of saffron for two weeks 
on CRI-II in high fat diet treated rats. Statistical analysis 
by one-way ANOVA revealed the significant effect of 
saffron on CRI-II (F2.27 = 59.795; p<0.05). The Tukey’s 
test showed that the ratio of LDL/HDL-cholesterol was 
significantly higher in high fat diet treated rats (HFDC) 
than normal diet treated rats (HC) (p<0.05). The effects of 
saffron reduced the CRI-II in Saff group, the effects were 
significant in HFDC (p<0.05) and non-significant relation 
was found between HC and Saff group. 
 
 
Effects on insulin level  
 
Figure 3 presents the effects of saffron for two weeks on 
insulin in high fat diet treated rats. The effect of therapy 
on insulin (F2.27 = 41.99; p0.05) was significant, according 
to statistical analysis using ANOVA (one-way). The level 
of insulin in HFDC was substantially greater than in HC 
(p<0.05) after post hoc analysis using Tukey's test. 
However, saffron was significantly (p<0.05) reduced the 
insulin level than HFDC rats.  
 
 
Effects on glucose level  
 
Figure 4 presents the effects of saffron for two weeks on 
glucose in high fat diet treated rats. Statistical analysis by 
ANOVA (one-way) revealed that the effect of treatment 
on the glucose (F2.27 = 10.740; p<0.05) was significant. 
Results of post hoc analysis by Tukey’s test revealed that 
long term consumption of high fat diet in HFDC group 
increased the level of glucose (p<0.05) than HC group. 
However, saffron reduced the glucose level than HFDC 
rats.  
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Figure 1. Effects of saffron on CRI-I in High fat diet treated rats. Values are presented as 
means ± SD (n=10). Tukey’s test Significant values:* p<0.05 from control HC group, + 
p<0.05 from HFDC group 

 
 
 

 
 
Figure 2. Effects of saffron on CRI-II in High fat diet treated rats. Values are presented as 
means ± SD (n=10).  Tukey’s test Significant values:* p<0.05 from control HC group, + p<0.05 
from HFDC group.  

 
 
 
Effects on FST  
 
Figure 5 presents the effects of saffron for two weeks on 
FST in high fat diet treated rats. Statistical analysis by 
one-way ANOVA revealed the effect of saffron (F2.27 = 
40.9, p<0.05) was significant. The post hoc Tukey’s test 
revealed that the latency time to immobilize was 
significantly reduced after the consumption of high fat diet 
in HFDC group as compared to  normal  diet  treated  rats 

(HC) (p<0.05). However, the saffron group showed 
significantly (p<0.05) increased latency time to 
immobilization time in HFDC group.  
 
 
Effects on BDNF level  
 
Figure 6 presents the effects of saffron for two weeks on 
BDNF in  high  fat  diet treated rats. Statistical analysis by  
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Figure 3. Effects of saffron on insulin in High fat diet treated rats. Values are presented 
as means ± SD (n=10).  Tukey’s test Significant values:* p<0.05 from control HC group, + 
p<0.05 from HFDC group.  

 
 
 

 
 

Figure 4. Effects of saffron on glucose in High fat diet treated rats. Values are presented 
as means ± SD (n=10).  Tukey’s test Significant values:* p<0.05 from control HC group. 

 
 
 

one-way ANOVA revealed the effect of saffron (F2.27 = 
67.3, p<0.05) was significant. The post hoc Tukey’s test 
revealed that the consumption of high fat diet reduced the 
BDNF level in HFDC group as compared to normal diet 
treated rats (HC) (p<0.05). The long term administration 
of saffron showed significantly (p<0.05) increased BDNF 
level in HFDC group and provided the antidepressant 
effects.  
 
 
DISCUSSION 
 
Insulin resistance, diabetes,  obesity,  and  CVDs  are  all  

linked to a high-fat diet, particularly trans-fats. CVDs are 
becoming a serous life threatening cause of modern ages 
and they offer a challenging task for clinical 
managements. Beside the chronic metabolic diseases 
the behavioral deficits may also appear which mainly 
include depressive symptoms. The aim of the presented 
study was to be evaluated the effects of methanolic 
extract of saffron to treat high fat diet induced metabolic 
and neuropsychological deficits. 

The long term consumption of high fat diet reduces the 
brown adipocytes which inhibit the synthesis of fatty acid 
while increasing white adipocytes which stimulates the 
synthesis  of   fatty   acid  and  dysregulate  the  levels  of  
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Figure 5. Effects of saffron on FST in High fat diet treated rats. Values are presented as 
means ± SD (n=10).  Tukey’s test Significant values:* p<0.05 from control HC group. 

 
 
 

 
 
Figure 6. Effects of saffron on BDNF in High fat diet treated rats. Values are presented 
as means ± SD (n=10). Tukey’s test Significant values:* p<0.05 from control HC group. 

 
 
 
insulin. The pathological alterations of high fat diet in 
terms of hyperglycemia and hyperlipidemia reflect altered 
psychological behavior of animals. Variations in glycemic 
parameters occur when the insulin become unable to 
exert its affects. Excessive calories due to obesogenic 
diet decline the insulin synthesis and functions by the 
accumulation of fat in pancreatic cells. Instead of 
adipocytes, saturated fats accumulate in other organs, 
interfering with glucose metabolism. Excess fat buildup in 
organs causes oxidative stress by raising lipid 
peroxidation levels due to mitochondrial dysfunction.  

The  active   chemical  ingredient  of  saffron  is  crocin,  

which contains four analogues: crocin 1, crocin 2, crocin 
3 and crocin 4. Crocin is mainly known to relieve the pain 
and to improve the blood circulation. Crocin is bearing 
multiple therapeutic activities including antioxidant, 
cardioprotective, antidepressant and anticonvulsant 
effects. The extract of saffron is known to protect against 
the damage of lipid peroxidation, the present study 
provided the positive effects of saffron on CVDs by 
lowering the Castelli’s risk index (Figures 1 and 2). The 
doses of saffron also found to produce antidiabetic 
effects by augmentation of insulin level, the mechanism 
behind  the   antidiabetic   effects   is   the   stimulation  of  
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Figure 7. Summarized effects of saffron extract on high fat diet and its manifestations. (-) signs 
shows the inhibitory effects of saffron ingredients. 

 
 
 
peripheral glucose uptake and liver glycogen storage. 
The effects of chemical constituents of saffron displayed 
the potential radical scavenging properties and protective 
effects of vital tissues as well as regenerative activity 
which may trigger the pancreas to produce insulin for 
maintaining the glucose homeostasis (Figures 3 and 4). 

Long-term consumption of saturated fats disrupts the 
hippocampal receptor that regulates inflammatory 
cytokines, which are important for detecting pathogenic 
causes (Hanke and Kielian, 2011). Previous study has 
also shown that the HFD causes the creation of 
triglycerides, which are harmful to brain health and cause 
neuropsychiatric illnesses, and are detected in people 
with bipolar disorder (van Dooren et al., 2013). Saffron 
has been shown to lower oxidative stress and boost 
mitochondrial activity (Fathimoghadam et al., 2019). In 
numerous in-vitro and in-vivo investigations, prolonged 
doses of saffron were linked to improved mental health, 
demonstrating higher antidepressant and cognitive 
function after saffron administration in mice. Depression 
is also linked to an increase in insulin resistance and the 
Castelli's index, which is a powerful predictor of coronary 
artery disease (Kianbakht and Mozaffari, 2009). 
Depression is also linked to changes in the expression of 
neurotrophic factors, particularly brain derived 
neurotrophic factors (BDNF), which play a key role in 
neuronal growth and plasticity. The levels of BDNF draw 
broad attention in many clinical and s studies which 
indicate that the progression of depression is inversely 
related with BDNF expression and most of the 
antidepressant reduces the depression by increasing the 
levels  of  BDNF  (Sanati  et  al.,  2018).  The   measuring 

parameters of depression in rodents are mainly involve 
the time to show behavioral despair, the forced swim test 
(FST) is the most widely used to observe the severity of 
depression in rodents. The level of neurotrophic factors 
are indicators of healthy brain functioning however, the 
low levels of BDNF describe the severity of depressive 
symptoms. The induction of high fats in animals might 
interrupt the activity of HPA axis, the dysregulated HPA is 
often seen to increase the depressive symptoms (Figure 
5), the effects of saffron in FST demonstrated the anti-
depressive profile of the treatment (Dourado et al., 2020). 
The long term doses of saffron successfully increased the 
level of BDNF and ensure the antidepressant effects 
(Figure 6). It has been concluded from the present study 
that the ethanolic extract of saffron has significant 
pharmacological effects (Figure 7) with curative and 
protective potentials in CVDs and diabetes. Further 
experimental studies are necessary to demonstrate the 
molecular mechanisms. 
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Breast milk is the white liquid produced by women to breast-feed their babies. It has many benefits for 
infants, including reduced risk of gastroenteritis and respiratory infection. This study investigated the 
amino acids and carbohydrates composition in breast milk of lactating mothers. Eighteen (18) lactating 
mothers between the ages of 16-45 years participated in this study. Amino acid content was analysed 
with amino acid analyser, while the carbohydrate content was analysed with high performance liquid 
chromatography (HPLC) and generated data was analysed using one-way analysis of variance 
(ANOVA). The result showed that values of ribose, arabinose, fructose, sorbitol and mannitol were 
statistically (p<0.05) different in younger mothers when compared with middle and older mothers. 
Values for HMF, glucose and maltose were statistically different than that of other age groups. Also, 
sucrose level for older mothers was 2.65 ppm, which was statistically different when compared with the 
values for other age groups. The amino acid composition showed that younger mothers had the highest 
concentration of aspartate (2.43 mg/100 g) though not statistically significant with the values of other 
age groups. Proline value (4.20 mg/100 g) was statistically different in middle aged mothers when 
compared with other age groups. Values of valine, alanine, arginine and serine were statistically higher 
when comparing older mothers to other age groups. The varying concentrations of both amino acid and 
carbohydrate composition in these mothers might be due to the nutritional status of the lactating 
mothers. 
 
Key words: Breast milk, amino acid, carbohydrate, lactating mothers. 
 

 
INTRODUCTION 
 
Breastfeeding, also called nursing, is the process of 
feeding a mother's breast milk to her infant, either directly 
from the breast or by expressing (pumping out) the milk 
from the breast and bottle-feeding it to the infant (Raj et 
al., 2020). The milk is produced by the gland located in 

the breasts of females which is responsible for lactation 
or the production of milk. Both males and females have 
glandular tissue within the breasts, however, females 
glandular tissues begin to develop after puberty in 
response to oestrogen release (Collins et al., 2016; Yu et 
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al., 2019). Mammary glands produce milk after childbirth, 
during pregnancy progesterone and prolactin are 
released. The progesterone interferes with prolactin, 
preventing the mammary glands from lactating. During 
this period, small amounts of a pre-milk substance called 
colostrum are produced (Collins et al., 2016; Yu et al., 
2019). This liquid is rich in antibodies and nutrients to 
sustain an infant during the first few days of life. After 
childbirth, progesterone levels decrease and the levels of 
prolactin remain high. This signals the mammary glands 
to begin lactating. Each time a baby is breastfed, the milk 
is emptied from the breast and immediately the mammary 
glands are signalled to continue producing milk. As a 
woman approaches menopause, the tissues of the ductile 
system become fibrous and degenerate. This causes 
shrinkage of the mammary gland, the gland then loses 
the ability to produce milk (Collins et al., 2016; Yu et al., 
2019). 

During the first few weeks of life, babies may nurse 
roughly every two to three hours, and the duration of a 
feeding is usually ten to fifteen minutes on each breast 
while older children feed less often (Victora et al., 2016). 
Breastfeeding has a number of benefits to both mother 
and baby, mothers may pump milk so that it can be used 
later when direct breastfeeding is not possible (Ip et al., 
2009). The benefits of human milk include reduced risk of 
neonatal necrotizing, enterocolitis, gastroenteritis, 
respiratory infection and improved later cognitive 
development (Schanler and Atkinson, 1999). Human milk 
provides non-immune protection and the bioactive 
substances play important roles in the non-nutritional 
effects of human milk on the development of the infant 
(Lönnerdal, 2003).  

Newborn gastrointestinal tract undergoes maturational 
changes in the first weeks after birth and human milk has 
been shown to stimulate gastrointestinal mucosal 
proliferation and maturation in animal models and is 
thought to protect the neonatal infant from harmful 
environmental factors by affecting and promoting the 
mucosal barrier (Takeda et al., 2004). The growth factors 
in human milk [epidermal growth factor (EGF), 
transforming growth factor alpha (TGF) and insulin-like 
growth factors (IGFs)], stimulate the proliferation of 
intestinal cells and the formation of the mucosal barrier 
(Wagner and Forsythe, 2000).  EGF is thought to have 
the most significant effect on the proliferation of cells that 
line the intestine and the promotion of the covering 
mucosal layer (Wagner and Forsythe, 2000).  

The lactation period is a major source of concern in 
developing countries because of its positive impact on 
the health and nutrition of infants. Lactating women from 
developing countries are considered nutritionally 
vulnerable groups because this period places a high 
nutritional demand on the mother. Inadequate maternal 
diet during this period will lead to poor secretion of 
nutrients in breast milk and this can have long term 
impact on the child’s health  (Jones  et  al.,  2010).  Some  

 
 
 
 
studies have looked at correlations between diets, baby’s 
age and genetic factor and nutritional composition of 
maternal breast milk. However, there is paucity of studies 
on correlation of maternal age and nutrients composition 
in breast milk, this research examines the composition of 
amino acids and carbohydrates in breast milk of lactating 
mothers of different age group and possible variations 
among different age groups. 
 
 
MATERIALS AND METHODS 
 

Collection of breast milk samples 
 

Breast milk samples (10 ml) each were collected from eighteen (18) 
lactating mothers aged 16-45 years from Aleto Health Centre, 
Rivers State, Nigeria. The subjects, six in each group were 
categorised into different age groups younger mothers (16-25) 
years, middle mothers (26-35) years, and older mothers (36-45) 
years. The samples were expressed with a manual pump into 
sterile containers and placed on ice and transported to the 
laboratory at 4°C. 
 
 

Amino acid analysis  
 
Hydrolysis 
 
0.5 g of lyophilized breast milk was weighed into a test tube and 15 
ml of 6N HCl was added. The tube was flushed with N2, capped and 
placed in an oven at 110°C for 24 h. The tube was then brought out 
and the content filtered. The filtrate was made up to 25 ml with 
water. An aliquot of this solution was further filtered with 0.50 µm 
pore-size membrane and a standard solution containing 1.25 
µmol/ml of each amino acid in 0.1 N HCl was made (Elkin et al., 
1985). 
 
 
Derivatization  
 
A standard solution of the sample (20 µL) was pipette into a tube 
and dried in vacuum at 65°C. 30 µL of methanol-water-
phenylisothiocianate (2:2:1 (v/v)) was added to the formed residue, 
the tube was agitated and allow to stand at room temperature for 20 
min.  

The solvents were then removed under a nitrogen stream, and 
the tube was sealed and stored at 4°C (Elkin et al., 1985). 
 
 
Chromatographic procedure for amino acid analysis 
 

Prior to injection, 150 µL of diluent (5 mM sodium phosphate with 
5% acetonitrile) was added to derivatized sample.  
 
 
Analysis of carbohydrate with HPLC  
 

Hydrolysis/Derivatization  
 
10 mg of lyophilized sample was weighed into a tube and dissolved 
in 1 mL of 3 M triflouroacetic acid (TFA) in a 5 ml ampoule, the 
mixture was then incubated at 130°C for 2 h. The mixture was 
cooled and centrifuge at 2000 rpm for 5 min and evaporated to 
dryness under reduced pressure to allow removal of TFA. The 
hydrolyzed and dried sample was re-dissolved in 1 ml of water.   

Thirty microliters of NaOH (0.3 M)  trichloromethane  were  added 



 
 
 
 
to the sample before derivatization and the mixture was incubated 
at 70°C for 60 min, cooled at room temperature and further 
neutralized with 30 µL of HCl (0.3 M).  1 ml of trichloromethane was 
added and mixed properly, the organic phase was carefully 
removed and discarded. The aqueous phase was filtered before 
injection (APHA, 1998; Kuanget al., 2011). 
 
 
Statistical analysis 
 
The statistical analysis for this research was done with the aid of 
Statistical Package for Social Sciences (SPSS) for windows (SPSS 
Inc., Chicago, Standard version 21.0), it was used to determine 
difference between means using ANOVA. Data was reported as 
mean ± standard error of mean (SEM) and the level of significance 
were set at P< 0.05. 
 
 
RESULTS 
 
The result in Table 1 showed that the compositions of 
glutamate and leucine were more when compared with 
the compositions of all the other amino acids. The values 
of glutamate, leucine and phenylalanine showed no 
significant difference in all the age groups. The values of 
phenylalanine in all the groups were different than the 
value of the FAO/WHO standard. The values of lysine for 
mothers of 26-35 and 36-45 differ significantly when 
compared with the value for mother of 16-25 years old. 

The result in Table 2 showed that the compositions of 
glucose, maltose and fructose were more than the other 
saccharides present; maltose is a disaccharide of two 
glucose units. Glucose and fructose are both dietary 
monosaccharides used for generation of energy (ATP) 
and other high energy yielding compound (NADH). The 
maltose and glucose values for mothers of 26-35 years 
old were significantly different when compared with the 
values for mothers of 16-25 and 36-45 years old. Also the 
value of fructose for mothers of 16-25 years old was 
significantly different when compared with the values for 
mothers of 26-35 and 36-45 years old. 
 
 

DISCUSSION 
 

 

Living things require food for existence, food provide 
macronutrients such as proteins and carbohydrates. 
These nutrients serve as cellular fuel, support growth, 
repair of tissues and other metabolic activities. Breast 
milk protein is a key nutrient which supports cellular 
growth and organ development during the first few 
months of life. The function of a protein is dependent on 
its amino acids composition. The result in Table 1, 
showed the values of amino acids component in breast 
milk of mothers of different age groups. The result 
showed that glycine, alanine, serine, valine, lysine, 
glutamate, phenylalanine, histidine, and arginine values 
for mothers of age 36-45 years were different than that 
for 16-25 and 26-35 years old. Valine, arginine and 
serine,   values   for   this  group  (36-45 years)  old  were  
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significantly higher when compared with values for other 
groups. Also glycine and alanine values for mothers of 
36-45 years old had a significantly increase when 
compared with the values for middle age mothers. 
Aspartate value for mothers of age 16-25 years differ 
when compared with its values for other groups. Middle 
aged mothers had higher values of cysteine and proline 
than that for other groups. Methionine, cysteine, tyrosine, 
and phenylalanine values in all the groups were different 
than the recommended standard (WHO/FAO/UNU, 
1985), while the values for proline, valine, threonine, 
isoleucine, leucine, aspartate and lysine, irrespective of 
the age group were less than the standard recommended 
by WHO/FAO/UNU (1985).  Alanine and serine values for 
mothers of age 36-45 were different than the 
recommended standard (WHO/FAO/UNU, 1985).  

Tyrosine contains hydroxyl and aromatic group, it is an 
essential component for the production of several 
important brain chemicals called neurotransmitters, 
including epinephrine, norepinephrine, and dopamine. It 
also contributes to the inherent fluorescence of proteins 
(Lakowicz, 1999). This study showed that the breast milk 
of these mothers were rich in tyrosine. The values were 
higher than the recommended. Cysteine is a component 
of glutathione (an antioxidant) that function in reducing 
oxidative stress (Larsson et al., 2015); the concentration 
of cysteine was above the WHO/FAO/UNU standard for 
all the groups. The values of proline for mothers of 36-45 
years old, lysine for mothers of 26-35 and 36-45 years 
old, Methionine for mothers of 26-35 years old and 
phenylalanine and arginine for mothers of 16-25 years 
old were similar to that reported by Ogechi and Irene 
(2013). Methionine plays an important role in the immune 
system as its catabolism leads to an increase in the 
production of glutathione. Also, studies have shown that 
methionine can chelate lead and remove it from tissues, 
thus decreasing oxidative stress (Martínez et al., 2017). 
Furthermore like tyrosine, phenylalanine also contributes 
to the inherent fluorescence of proteins (Lakowicz, 1999) 
and this study showed that the samples were rich in 
phenylalanine. 

Carbohydrates are biological molecules which consist 
of poly hydroxyl aldehyde and ketone; it is one of the 
nutrients required by the body in large amount and 
constitutes the major source of energy in human diet. The 
result in Table 2 showed that the values of ribose, 
arabinose, rhaminose, fructose, galactose, sorbitol, and 
mannitol, for mothers of age 16-25 were above the 
values for ages 26-35 and 36-45. HMF, ribose, 
arabinose, fructose, maltose, glucose, sorbitol, and 
mannitol values for mothers of age 26-35 were 
significantly increased when compared with the values for 
mothers of age 36-45. Ribose, fructose, galactose, 
sorbitol, mannitol, and sucrose values for mothers of age 
16-25 were significantly increased when compared with 
values for mothers of age 26-35. Ribose, arabinose, 
fructose,   maltose,   galactose,    glucose,    sorbitol   and  
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Table 1. Amino acid composition in the breast milk of lactating mothers from Aleto Health Center. 
 

S/N 
Amino acid  

(mg/100 g) 

16-25 years  

(group 1) 

26-35 years  

(group 2) 

36-45years  

(group 3) 

FAO/WHO 
Standard 

1 Histidine 0.88±0.13
d
 1.11±0.42

c
 2.42±1.25

c
 2.6 

2 Tryptophan  0.89±0.87 1.13±0.57 1.00±0.13 - 

3 Phenylalanine  4.38±1.42 4.16±0.87 4.77±0.74 3.2 

4 Methionine  2.58±2.16 2.90±2.38 1.31±0.21 1.3 

5 Valine 1.70±0.17
ad

 1.41±0.30
ad

 4.71±0.17*
bc

 9.4 

6 Threonine  3.24±1.36 4.13±0.51 4.13±0.29 8.6 

7 Isoleucine 3.94±1.13
bc

 1.73±0.21*
ad

 3.89±0.83
bc

 4.0 

8 Leucine 7.17±0.50 7.73±0.10 7.25±2.00 8.9 

9 Lysine  3.37±1.99 6.01±1.03 6.50±3.14 11.1 

10 Glycine  3.63±0.23
bc

 1.36±0.12*
ad

 3.78±0.42
bc

 - 

11 Alanine 3.52±0.78
ac

 1.73±0.21
ad

 4.73±1.36
bc

 4.2 

12 Glutamate  13.35±1.36 14.33±0.52 14.95±0.84 - 

13 Aspartate  2.43±1.86 1.62±0.23 0.79±0.31 6.8 

14 Cysteine  1.64±0.83 2.66±1.60 1.75±0.74 1.2 

15 Arginine 3.89±1.07
ad

 2.59±1.39
ad

 6.20±1.09
bc

 3.9 

16 Tyrosine 3.02±0.27 3.02±0.27 3.08±0.19 2.6 

17 Serine  1.51±0.37
ad

 1.57±0.18
ad

 4.32±0.16*
bc

 3.2 

18 Proline 1.36±0.33
bd

 4.20±0.55*
ac

 3.79±0.66*
ac

 10.2 
 

Values are expressed as mean ± standard error of mean (SEM) for n=6 at 95% confidence level. Values with super script * differ significantly 
when comparing age range 16-25years with others Values with different superscript ab differ significantly when comparing age range 26-35 
years with other ages. Values with superscript cd differ significantly when comparing age range 36-45 years with other ages. 

 
 
 

Table 2. Carbohydrate composition in the breast milk of lactating mothers from Aleto health center. 
 

S/N Carbohydrates (ppm) 16-25 years (group 1) 26-35 years (group 2) 36-45 years (group 3) 

1 HMF 0.35±0.11
b
 0.853±0.25*

a
 0.537±0.10

a
 

2 Ribose 6.10±0.01
bd

 2.68±0.16*
ad

 1.77±0.19*
bc

 

3 Arabinose  8.55±4.08
ad

 4.193±1.50
ca

 2.157±0.18*
ac

 

4 Raminose 1.39±1.20 0.55±0.00 0.99±0.01 

5 Fructose  10.23±0.01
bd

 6.54±0.18*
ad

 3.37±0.01*
bc

 

6 Maltose  7.62±0.44b
bd

 12.01±0.21*
ad

 5.15±0.01*
bc

 

7 Galactose 2.41±0.08
bd

 1.27±0.08*
ac

 1.23±0.06*
ac

 

8 Glucose  17.51±0.327
bd

 21.78±2.16*
ad

 8.21±2.01*
bc

 

9 Sorbitol  6.44±0.53
bd

 3.73±0.19*
ad

 0.00±0.00*
bc

 

10 Mannitol 7.85±0.46
bd

 4.27±0.15*
ac

 3.57±1.37*
ac

 

11 Sucrose  1.89±0.01
bd

 1.20±0.01*
ad

 2.55±0.04*
bc

 
 

Values are expressed as mean ± standard error of mean (SEM) for n=6 at 95% confidence level. Values with super script * differ 
significantly when comparing age range 16-25 years with others. Values with different superscript ab differ significantly when comparing 
age range 26-35 years with other ages. Values with superscript cd differ significantly when comparing age range 36-45 years with other 
ages. 

 
 
 
mannitol values of mothers of age 16-25 had significant 
increase when compared with values for mothers of age 
36-45. Carbohydrates assist in the complete metabolism 
of fats and emptying of bowel. Pyruvate which is the end 
product of glycolysis is usually carboxylated to yield 
oxaloacetate when there is a drop in its cellular level, this 
reaction  ensures   continuous   oxidation    of   acetylCoA 

generated during fatty acid oxidation. Some studies have 
shown that constituents of breast milk could reflect the 
diet state of the individual, Garcia-Rodenas et al. (2016) 
noted that nutrients in breast milk is an evolutionary 
conserved trait largely independent of geographical, 
ethnical or dietary factors. However, similar work by 
Nwachoko et  al. (2021) noted that breast milk of younger  



 
 
 
 
mothers (16-26) years old contain high carbohydrates 
content than that in the breast milk of older mothers. 
Fields et al. (2017) stated that carbohydrates are of major 
importance, particularly with regard to oligosaccharides. 
In animals, oligosaccharides have been reported to 
influence brain function through different mechanisms 
such as sialylation of oligosaccharides which contribute 
sialic acid to gangliosides for brain signaling, and greater 
abundance of sialylated gangliosides enhances learning 
ability (Gridneva et al., 2019). According to Berger et al. 
(2020), there is a growing body of evidence showing 
breast milk composition is affected by genetic factors, 
with the greatest impact on oligosaccharides. The profile 
of oligosaccharides in breast milk is largely determined 
by maternal blood antigen (secretor status) which is 
genetically determined. 
 
 
Conclusion 
 
This work showed that the breast milk of these mothers 
were rich in phenylalanine, tyrosine, cysteine and 
arginine. Also, mothers of age 36-45 years had the 
highest total concentration of amino acids while mothers 
of age 16-25 had the highest total carbohydrate content. 
Older mothers (36-45 years) had the highest 
concentration of both essential amino acids (35.98 
mg/100 g) and non-essential amino acid (43.39 mg/100 
g). This research showed that there could be maternal 
age influence on the amino acids and carbohydrate 
content in breast milk.  
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The pulp of the African pear (D.edulis) fruits were investigated for its oil compositions, major lipid 
classes and constituents fatty acids from 4 weeks after anthesis (WAA) to fruit maturation.  The oil was 
extracted with n-hexane using soxhlet extractor and characterised by gas chromatography. Fatty acid 
profile showed a saturated acid content of between 19.5 and 36.5% and unsaturated fatty acid content 
of 63.5 to 80.5%. Fractions of different fatty acids were synthesised at different stages of fruit 
development and the predominant fatty acids were palmitic acid (31.0%), stearic isomer (20.9%), oleic 
acid (7.1%) and linoleic acid (43.8%) at matured stage (20 WAA) of fruit development and 10.4, 12.9, 22.7 
and 39.8% respectively at the immature stage (4 WAA) of fruit development. Polyunsaturated fatty acids 
were not detected in the African pear pulp oil throughout maturation. The major phospholipids were 
phosphatidylcholine (65.2%), phosphatidylinositol (25.8%) and phosphatidylethanolamine (8.9%), while 
phosphatidylserine (PS) and lysophosphatylcholine (LPC) remains as traces throughout fruits 
maturation. The pulp major sterol lipids were sitosterol accounting for about 71.3% and campesterol 
12.4% of the total sterol lipids. The immature fruit pulp glyceride lipids were diacylglycerides (DAG) and 
triacylglyceride (TAG) which accounted for 70.2 and 18.6% respectively. In mature fruit pulp, TAG had a 
dramatic increase to 72.5% while DAG decreased to 22.1%. Major changes occurred in the TAG with 
fruit maturity with increased in concentration to 72.5% at 20 WAA. Based on these changing patterns of 
lipid fractions with fruit maturity, possible pathways of TAG synthesis have been proposed. In 
conclusion, the results at the 18 to 20 WAA showed that high quantities of essential fatty acids are 
present in the African pear pulp oil at mature stage of the fruits. 
 
Key words: Dacryodes edulis, anthesis, n-hexane, gas chromatography, triacylglyceride. 

 
 
INTRODUCTION 
 
African pear (D. edulis) is well known plants in West 
Africa. The fruits are edible and the bark, leaves, stem 
and roots are used in ethno medicinal practice for 
treatment of diseases (Ajibesin et al., 2008). D. edulis is 
an  indigenous  fruit  tree  in   the  humid   low  lands  and 

plateau regions of West, Central African and Gulf of 
Guinea countries. It belongs to the Burseraceae family, 
an evergreen tree indigenous to the Central Africa and 
Gulf of Guinea regions. The genus name is derived from 
the Greek word ‘Dakruon‘(a tear) in reference to the resin 



 
 
 
 
droplets that appears on the bark surface of its species 
(Burkill, 1985; Edem et al., 2009). The species-specific 
name edulis means edible (Anonymous, 2011a). The 
genus Dacryodes comprises about 40 species occurring 
in the American, Asian and African tropics. In Africa, 
about 20 species have been described (Anonymous, 
2011b).  In South-East Nigeria, the trees are grown 
around homesteads and flowering takes place from 
January to April. The major fruiting season is between 
May and October (Kengue and Nyagatchou, 1990).  

D. edulis is a tree cultivated widely for its edible and 
nutritious fruits. Generally, the fruit may be soaked in hot 
water, or roasted/baked in an oven at about 50°C. The 
roasted fruit can be eaten with maize, plantain, cassava, 
cocoyam and bread (Sofowora, 2008). 

The entire plant has pharmaceutical properties that are 
variously exploited by many African communities 
(Kengue, 2002). For instance, in the Western parts of 
Cameroon, the bark is crushed and used in concoctions 
against dysenteries while in Central Cameroon the bark 
is used to treat toothache. The leaves are boiled in 
combination with Lantana camara, Cymbopogon citratus 
and Perseaamericana to yield a steam bath taken to treat 
fever/headaches and malaria in Republic of Congo. The 
leaves and seed are used in Nigeria for animal feed 
(Ajibesin et al., 2008); the resin from the bark has long 
been reported to be effective against parasitic skin 
diseases and jiggers.  

D. edulis is a versatile plant in African ethnomedicine 
as its various parts are employed to treat several 
diseases. The bark of the plant has long been used to 
cicatrize wound in Gabon (Adebayo-Tayo and Ajibesin, 
2008). In Democratic Republic of Congo, the plant is 
employed for the treatment of leprosy, tonsillitis and 
dysentery, anaemia, spitting blood, pains and stiffness 
and skin diseases (Adebayo-Tayo and Ajibesin, 2008). In 
Congo Brazzaville, the leaves are boiled with those of 
Lanata camara, Cymbopogon citretus in water to form a 
decoction for treating malaria (Ikhuoria and Maliki, 2007). 
The bark resin is used in Nigeria to treat parasitic skin 
diseases and jiggers. When applied in lotions and 
creams, the resin smoothens and protects the skin. The 
leaves are often crushed and the juice used to treat 
generalized skin diseases such as scabies, ringworm, 
rashes and wounds, while the stems are employed as 
chewing sticks for oral hygiene (Ajibesin et al., 2008).  

The essential oil of the plant has been shown to 
possess potent antibacterial activity against Staphy-
lococcus aureus, Bacillus aurens, Escherichia coli and 
Proteus minibillis (Koudou et al., 2008; Okwu and 
Nnamdi, 2008). No part of D. edulis is known to be toxic 
(Ajibesin et al., 2008; Dike, 2010). 
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Fruit pulps form a major part of the diet of Nigerians, 
consumed as a meal as well as ingredients of local 
soups. Despite the increased popularity of this fruit pulp,  
Dacryodes edulis have not been used to produce oil on 
an industrial scale, or cultivated systematically because 
of lack of basic chemicals and biological knowledge of 
their values. The present work was carried out with a 
view to studying the oil potential and determining the 
suitability of D. edulis pulp oil for edible and/or industrial 
purposes.     

 
 
MATERIALS AND METHODS  

 
Plant materials 

 
Matured fruits of African pear were collected from private farm land 
in Okada Town of Ovia North-East LGA of Edo State, Nigeria. The 
fruits were authenticated by the Department of Botany, Faculty of 
Sciences, University of Medical Science, Ondo City, Nigeria. A 
voucher specimen of each plant was there after deposited in the 
herbarium of the same Department. 

 
 
Preparation of sample 

 
Forty fruits were collected randomly from each of the studied trees 
at biweekly intervals starting from the fourth week after fruit set until 
senescence. The collected fruits were cleaned with a moist soft 
cotton wool and then the seeds were carefully separated from the 
fruits. Part of the separated pulp and nut were immediately used for 
the moisture content and oil extraction, while the remaining part 
was dried at 65°C for 4 h in an oven, crushed with a laboratory 
mortar and pestle and kept in a well labelled air tight polythene 
bags or screw-capped bottles at 4°C for subsequent biochemical 
analysis.  

All reagents used were of analytical grade purchased from Sigma 
Chemicals Co, London, and BDH Chemicals Ltd., England. 

 
 
Extraction of oil 
 
The soxhlet extraction method was employed. The sample (5 g) 
was weighed into a weighed filter paper and folded neatly. This was 
placed inside the pre-weighed thimble (W1). The thimble with the 
sample (W2) was inserted into the soxhlet apparatus and extraction 
under reflux was carried out with the n-hexane (40-60°C boiling 
range) for 6 h. At the end of extraction, the thimble was dried in the 
oven for about 30 min at 100°C to evaporate off the solvent and 
was cooled in a desiccator and later weighed (W3). The fat 
extracted from a given quantity of sample was then calculated. 

 
 
Calculations 

 
% Crude Fat (W/W) = [Loss in Weight Sample/Original Weight of 
Sample] × 100 
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Figure 1. Saturated fatty acids composition in D. edulis pulp oil 4-20
th
 WAA of fruits 

development. Values are mean ± SEM.       

 
 
 
Determination of fatty acids 
 
Fatty acids were determined according to the method of Manni and 
Caron (1995) as reported by Siedlecka et al. (2008). The lipids 
were converted to methyl esters by refluxing for 1 h with methanolic 
H2SO4 at 70°C. Fatty acid esters (FAME) were analysed on a 6820 
gas chromatography (GC) system (Agilent Technologies). A FFAP 
capillary column (185

o
C temperature) was used, 30 m × 250 μm × 

0.25 μm (Quadrex Corporation). Carrier gas - nitrogen, flow 1.0 
ml/per min, detector - FID, temperature programme used: 60 to 
200°C (20°C/min, 10 min), injector,  250°C, detector, 300°C. The 
samples were dosed by a HT 300A automatic dosing device at an 
injection size of 1 μl of 5 to 10% heptane of methyl esters using the 
split method and a 30:1 splitting ratio.  The needle was then 
withdrawn and noted the formation of a small peak on the chart 
paper due to solvent making start reference point.  

The reference standard mixture of known composition was 
analysed in the operating conditions as those employed for the 
sample and the retention times for the common fatty esters were 
measured. The resulting peaks for the sample were identified from 
the graph. Fatty acids appeared on the chart in increasing number 
of carbon atoms and increasing unsaturation.  

Phytosterol lipids analyses were determined according to the 
standard method of AOAC 994.10 (1996a), phospholipids were 
determined according to Raheja et al. (1973) and glycerides 
analysis followed the procedure of the ASTM (2012). 

 
 
Statistical data analysis     

 
All values are expressed as the means ±SEM of triplicate 
determinations. All statistical analyses are performed using Graph 
Pad Prism version 6. To test for differences between the group 
means, one way analysis of variance (ANOVA) is employed. 
Significant differences between the means are determined by 
Duncan’s multiple range tests, and P values < 0.05 are regarded as 
significant (Kyari, 2008). 

 
 
RESULTS   
 

Nineteen FAs were determined in D.edulis fruits oil 
extracted biweekly intervals starting from the fourth  week 

after fruit set until senescence is shown in (Figures 1 to 
5). The notable FAs contained in extracted oil from D. 
edulis pulp fruits were palmitic, stearic, stearic isomer, 
oleic and linoleic acid. The pattern of oil accumulation in 
D. edulis fruits at different physiological maturity stages is 
presented in Figures 4 and 5.  

The results (Figure 4) revealed the presence of 
monoglyceride, diglyceride and triglyceride.  
 
 

DISCUSSION 
 
Determination of oil content in plants is important 
because it predicts the profitability of given plants as 
potential source of oil. High oil content in plant seeds 
implies that processing them for oil would be economical 
(Ikhuoria et al., 2008). Fatty acids are consumed in a 
wide variety of end use industries as food, medicine, 
rubber, plastics, detergents and cosmetics (Gunstone, 
1996). The fatty acid composition of D. edulis (Table 1) 
showed palmitic acids as the major saturated fatty acids. 
Stearic isomer and linoleic acid were the major 
unsaturated fatty acids in the matured fruits (20 WAA). 
This is in agreement with earlier reports by Umaru and 
Dere (1986) who reported high palmitic acid and linoleic 
acids in D.edulis pulp oil. The concentration of linoleic 
acid in D. edulis pulp oil fell within the range (38.2 to 
43.8%) (Table 2) which is higher than what is found in 
common edible oil, such as cotton seed, grape seed, 
canola oil, soybean oil, corn oil and sunflower oil (Dubois 
et al., 2007). In the early stages of maturity, oleic acid 
was highly concentrated, but declined as the fruit 
matures. This was probably used up as energy for growth 
or for synthesis of other compounds (Ikhuoria et al., 
2008). The most important edible oils are those 
containing palmitic, stearic, oleic and linoleic acids, of 
which oleic and linoleic acids are most valuable (Wang et 
al., 2012).  Also, this study showed that D. edulis fruit oils 
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Figure 2. Composition of polyunsaturated fatty acids in D. edulis pulp oil 4-20
th
 WAA of 

fruits development. Values are mean ± SEM.  

 
 
 

 
 

Figure 3. Phospholipids Composition in D. edulis pulp oil 4-20
th
 WAA of fruits development. 

Values are mean ± SEM.  

 
 
 
are rich in palmitic acid which is the principal composition 
of cooking oil (Wang et al., 2012).  

The present study revealed that increase in the 
synthesis of triacylglycerols was accompanied by 
corresponding decrease in the level of diacylglycerides 
(Table 4) throughout the period of maturation (4 to 20 
WAA) of the fruit (Table 3). The pattern of accumulation 
of triacyglycerides (TAG) indicate possible pathway that 
may be involved in their synthesis. In the plants, large 
amounts  of   free   fatty   acids  (FFA)  characterised  the 

immature stage (4 to 12 WAA) with high levels of oleic 
acid, stearic acid and palmitoleic acid while the amount of 
TAGs formed was low. However, as the fruits mature, 
there were decreases in stearic, oleic and palmitoleic 
acids levels with a dramatic increase in TAG level. The 
reductions in the levels of FFAs with a corresponding 
dramatic increase in the TAG content suggest that most 
of the available FFAs were incorporated into TAG 
synthesis. This pattern of synthesis and lipid accumulation 
was  observed  in  previous  studies  of  some  tropical oil  
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Figure 4. Composition of Neutral lipids in D. edulis pulp oil 4-20
th
 WAA of fruits 

development. Values are mean ± SEM.  
 
 
 

 
 

Figure 5. Percent sterol lipids in D. edulis pulp oil 4 to 20
th
 WAA of fruits development. 

Values are mean ± SEM. 
 
 
 

Table 1. Fatty acid composition of D. edulis at week 4 to 20 of fruit development. 
 

Week 
Lauric 

C12:0 

Myristic 

C14:0) 

Palmitic 

C16:0 

Palmitoleic 

C16:1 Cis9) 

Stearic 

C18:0 

Stearic isomer 

(C18:1 (Cis 6) 

Oleic 

C18:1 (Cis 9) 

4 ND ND 10.41±0.06 0.51±0.01 9.00±0.01 12.91±0.04 22.71±0.06 

6 ND ND 10.22±0.02 0.52±0.03 9.41±0.04 13.60±0.03 23.11±0.08 

8 ND ND 10.85±0.01 ND 9.02±0.02 13.38±0.08 22.81±0.03 

10 ND ND 8.23±0.31* ND 6.31±0.03* 16.32±0.04* 9.95±0.10* 

12 ND ND 8.68±0.04* ND 4.71±0.07* 15.81±0.05* 9.62±0.10* 

14 ND ND 11.00±0.03 ND 5.62±0.09* 16.22±0.03* 8.61±0.07* 

16 ND ND 30.90±0.04* ND 4.80±0.07* 18.72±0.01* 6.40±0.06* 

18 ND ND 29.70±0.06* ND 4.51±0.08* 20.32±0.08* 7.02±0.09* 

20 ND ND 31.81±0.08* ND 4.70±0.08* 20.80±0.11* 7.02±0.01* 
 

Values are mean ± SEM (* = P<0.05) compared with week 4. ND = Not detected. 
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Table 2. Fatty acid composition of D. edulis at weeks 4 to 20 of fruit development. 
 

Week 

Linoleic 

C18:2 

(Cis9,12) 

GLA 

C18:3 

(Cis6,9,12) 

Eicosenoic 

C20:1 

(Cis11) 

ALA 

C18:3 

(Cis912,15) 

EDA 

C20:2 

(Cis 11,14) 

Behenic 

C22:0 

% 

Unsaturation 

% 

Saturation 

4 39.76±0.08 ND 1.41±0.01 ND 0.30±0.03 ND 80.50±0.81 19.51±0.031 

6 39.92±0.06 ND 1.42±0.06 ND 0.50±0.03 ND 78.88±1.34* 20.10±0.56 

8 40.11±0.10 ND 1.60±0.08 ND 0.73±0.04 ND 83.24±0.36* 15.30±0.81* 

10 56.92±0.03* ND ND ND 0.80±0.02 ND 84.20±0.611* 14.22±1.31* 

12 58.70±0.08* ND ND ND 0.90±0.08 ND 80.12±0.85 17.82±0.08* 

14 55.71±0.13* ND ND ND 0.81±0.04 ND 62.90±0.56* 35.29±0.73* 

16 37.82±0.04* ND ND ND ND ND 70.80±1.76* 28.53±0.61* 

18 43.50±0.08* ND ND ND ND ND 65.81±0.76* 34.22±1.33* 

20 43.80±0.33* ND ND ND ND ND 63.50±0.59* 36.52±0.61* 
               

Data are the average of three replicates ± SEM (P˃0.05) compared with week 4. ND = Not detected. 

 
 
 
Table 3. Phospholipids composition of D. edulis at week 4-20 of fruit development. 
 

Week PE (mg/100 g) PC (mg/100 g) PS (mg/100 g) LPC (mg/100 g) PI (mg/100 g) 

4 633.62±0.91 5370.50±0.10 2.54±0.08 3.61±0.13 2455.72±0.41 

6 614.11±0.44* 5811.71±1.31* 2.57±0.04 3.08±0.36 2471.81±0.51* 

8 509.86±0.71* 5891.77±0.93* 2.55±0.46 3.16±0.78 2530.04±1.06* 

10 586.12±0.36* 5400.96±1.34* 2.31±0.31 3.29±0.07 2380.71±0.81* 

12 582.17±0.04* 5402.34±0.64* 2.04±0.36 3.10±0.14 2384.38±0.98* 

14 561.71±0.41* 5431.31±0.31* 2.14±0.05 3.44±0.36 2407.19±0.46* 

16 531.81±0.49* 5449.16±0.89* 2.21±0.16 3.41±0.04 2391.12±0.76* 

18 539.89±0.25* 5478..89±0.38* 2.19±0.35 3.27±0.81 2322.07±0.41* 

20 541.12±0.36* 5487.10±0.43* 2.29±0.04 3.38±0.03 2338.23±0.49* 
 

Data are the average of three replicates ± SEM (* = P<0.05) compared with week 4. PC = Phosphatidylcholine. PE = Phoshatidylethanolamine.  PI = 
Phosphatidylinositol. PS = Phosphatidylserine. LPC = lysophosphatidylcholine. 

 
 
 

Table 4. Composition of glyceride lipids in D. edulis at week 4 to 20 of fruit development. 
 

Week MAG (%) DAG (%) TAG (%) 

4 9.91±0.03 69.51±0.20 20.43±0.12 

6 7.81±0.438 69.04±0.54 23.17±0.24* 

8 6.70±0.09* 68.19±1.04 25.11±0.72* 

10 7.72±0.77* 68.14±0.99 24.16±1.01* 

12 6.87±0.69* 68.11±1.44 25.02±1.44* 

14 7.21±0.21* 59.89±1.00* 32.83±0.86* 

16 7.86±0.51* 46.43±0.65* 45.79±0.73* 

18 7.56±0.81* 30.80±0.95* 62.67±1.24* 

20 7.77±0.31* 28.14±0.31* 65.87±0.60* 
 

Values are mean ± SEM (* = P<0.05) compared with week 4. 

 
 
 
seeds and fruits in which the disappearance of the partial 
glycerides and FFA which characterised the immature 
stage mesocarplipid coincided with the formation of TAG 
(Bafor and Osagie, (1988); Wang et al., 2012).   

Another possible mechanism for TAG synthesis in the oil 
palm fruit mesocarp is the glycerol-3-phosphate pathway 
via phosphatidic acid (PA) acting as a transient 
intermediate. This is due to the fact that phosphatidic acid  
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Table 5. Sterol lipids in D. edulis pulp oil at week 4 to 20 of fruit development. 
 

Week 
Cholesterol 

(mg/100 g) 

Cholesta-pol 

(mg/100 g) 

Ergos-terol 

(mg/100 g) 

Campesterol 

(mg/100 g) 

Stigmasterol 

(mg/100 g) 

Save-nesterol 

(mg/100 g) 

Sitosterol 

(mg/100 g) 

4 4.94±0.06 4.17±0.01 2.54±0.46 180.88±0.33 89.75±0.46 13.35±0.08 1177.63±0.07 

6 3.86±0.03 6.17±0.06• 2.42±0.04 184.71±0.03• 89.16±0.16 12.81±0.07 1146.01±0.18• 

8 3.01±0.76* 7.00±0.08• 2.11±0.05 182.01±0.38• 81.40±0.26• 13.41±0.03 1146.28±0.18• 

10 3.20±0.65• 8.11±0.05• 1.84±0.81 188.06±0.22• 80.91±0.91• 8.94±0.91• 1207.01±0.23• 

12 3.10±0.33• 4.53±0.41 5.10±0.06• 186.14±0.71• 80.14±0.02• 10.81±0.41• 1184.50±0.08• 

14 3.12±0.09• 2.29±0.95• 9.95±1.86• 183.01±•0.86• 87.85±0.75• 11.52±0.66• 1134.04±0.15• 

16 ND 2.46±0.44• 8.41±0.04• 183.23±1.24• 82.11±0.04• 11.01±0.06• 1131.14±0.18• 

18 ND 3.47±0.41• 2.38±0.77 183.65±1.80• 75.87±1.14• 13.47±0.17 1092.06±0.41• 

20 ND 2.01±0.31• 2.02±0.31 183.88±1.31• 80.71±0.41• 13.11±0.50 1049.30±0.97• 
 

Data are the average of three replicates ± SEM (* = P<0.05) compared with week 4. 

 
 
 
(PA), a major lipid fraction in some immature oil seed, 
was not detected in the matured oil palm fruit mesocarp 
during lipids accumulation. The PA is probably hydrolysed 
by a specific phosphotidate phosphydroxylase enzyme to 
give a 1, 2-diacylglycerol which is acylated to TAG in a 
reaction that is catalysed by a 1, 2-diacylglycerol 
acyltranferase enzyme (Bafor and Osagie, 1988). In 
support of this is the dramatic drop in the level of 
diacylglycerides at 20 WAA. This pattern of TAG 
synthesis has been supported as the most widely 
occurring pathway in most seed tissues (Bafor and 
Osagie, 1986; Wang et al., 2012).  

The major phospholipids of the immature and matured 
stages (weeks 4 to 20) were phosphatidylinositol and 
phosphatidylethanolamine in both fruit oils (Table 3). This 
agrees with previous findings of Bafor and Osagie (1988) 
and Ekman et al. (2008) with oil palm. 
Lysophosphatidylcholine (LPC), phosphatidylserine (PS) 
and phosphatidylethanolamine (PE) were low throughout 
fruits maturation. The phospholipids content reported 
here are in concert with literatures (Bafor and Osagie, 
1986, 1988) implicating PC and PE as an intermediate 
both in the synthesis of membrane phospholipids and 
that TAG and PA as a metabolites in the biosynthesis of 
other polar lipids. 
  In D. edulis pulp oil, cholesterol, cholestapol, ergosterol, 
s-avenasterol and sitosterol were detected at various 
levels (Table 5). Sitosterol was more abundant a constant 
level throughout. Bafor and Osagie (1988) reported the 
importance of free sterols in controlling membrane 
stability and permeability in beet and barley roots.    
 
 

Conclusion  
 

The results at the 18 to 20 WAA showed that high 
quantities of essential fatty acids are present in the 
African pear pulp in the mature stage and could as well 
be regarded as the physiological mature stage of the 
fruits   that   would  present  the  optimum  values  of   the 

properties which could be incorporated in food products. 
Hence, the African pear fruit which is a nutritious food 
could be harvested at this period for industrial and 
domestic uses.  
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