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ABSTRACT 
 
The present study seeks to evaluate the influence of the time of harvest on the phenolic composition, antioxidant 
activities and anti-cholinesterase action of processed yellow yam (Dioscorea cayenensis). HPLC-DAD analysis of 
the processed yellow yam revealed the presence of some phenolic acids and flavonoids. The result showed a higher 
amount of most of the identified phenolic compounds in the early harvested yellow yam. The result also showed a 
high level of most phenolic compounds in the raw yellow yam for both early and late harvested yam sample 
compared to their cooked counterpart. Similarly, the result of the antioxidant indices (total phenolic content, total 
flavonoid content, reducing power, ABTS and DPPH radical scavenging power) also ranked high in the early 
harvested and raw yellow yam sample compared to the late harvested and cooked yellow yam sample respectively. 
However, the anticholinesterase inhibitory action of the studied yellow yam revealed some level of inhibition only in 
the late harvested yellow yam with a slightly higher inhibition in the late harvested raw yellow yam compared to the 
cooked counterpart. Therefore the studied yellow yam when subjected to mild cooking process and harvested not 
very late could serve well as a functional food that could be harnessed in the management of free radical mediate 
diseases. 
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_____________________________________________________________________________________________ 

 
INTRODUCTION 

 
In recent years, there is an upsurge in the areas related to new developments in prevention of disease, particularly in 
the role of free radicals and antioxidants. Oxygen free radicals or, more generally, reactive oxygen species (ROS), as 
well as reactive nitrogen species (RNS), are formed in all cells as unwanted by-products of metabolism and as such 
can be regarded as "toxic agents" with regard to their potential for initiating intracellular damage [1]. It is 
increasingly being realized that many of the modern human diseases are due to oxidative stress initiated by over 
production of ROS [2]. In a normal healthy human body, the generation of pro-oxidants in the form of Reactive 
Oxygen Species (ROS) and Reactive Nitrogenous Species (RNS) are effectively kept  in check by various 
antioxidants. Lack of antioxidants, to remove excess reactive free radicals, leads to different diseases, like cancer, 
neurodegenerative and inflammatory disorders [3]. Natural antioxidants from plant origin are more beneficial in 
reducing ROS levels, due to synergistic actions of wide range of bio-molecules such as phenolic compounds, 
vitamin C, vitamin E and phyto-micronutrients [4]. 
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Phenolic compounds are secondary metabolites that are derivatives of the pentose phosphate, shikimate, and 
phenylpropanoid pathways in plants [5]. Phenolic compounds exhibit a wide range of physiological properties, such 
as anti-allergenic, anti-artherogenic, anti-inflammatory, anti-microbial, antioxidant, anti-thrombotic, 
cardioprotective and vasodilatory effects [6-8].The beneficial effects derived from phenolic compounds have been 
attributed to their antioxidant activity [9]. Phenolic compounds have been  identified as the major determinant of 
antioxidant potentials of foods [10], and could therefore be a natural source of antioxidants.  
 
Roots and tubers are the most important food crops of very ancient origin in the tropics and subtropics, associated 
with the human existence, survival, and their socio-economic history. Yam is one of the most important cultivated 
and commonly consumed tubers in Nigeria and regarded as medicinal food in traditional herbal medicine [11].  
Dioscorea cayenensis, "yellow yam", is native to Africa, just as white yam “Dioscorea   rotundata, though not as 
commonly consumed as white yam. Yam contains phytochemicals that can affect human health such as phyto-
estrogen (isoflavones), saponins, terpenes, carotenoids [12-13]. Recent studies have shown that yam has antioxidant 
activities, anti-carcinogenic effect, antihypertensive effect, [14], and cholesterol lowering effects. Yam has high 
fiber content, this helps in weight control; it also helps to reduce cholesterol levels, thereby lowering risk of heart 
diseases. Yam is rich in carotenoid and it can reduce a woman’s risk of developing ovarian cancer [12]. It is a great 
source of vitamin C which lowers blood pressure.  Yams have also been used to treat menopausal symptoms 
folklorically. It has been discovered that yam can improve the status of sex hormones (estrogen), lipids and 
antioxidants [15].Yam tubers can be stored up to six months without refrigeration, which makes them a valuable 
resource during the period of food scarcity at the beginning of wet season [16].  
 
The phytochemical content of plant foods is influenced by post-harvest factors including storage 
conditions and processing procedures and also by numerous pre-harvest factors, including genotype, root-
stock, cl imatic conditions, agronomic practices and harvesting time [17-19]. Studies have also shown 
that phenolic compounds in plant foods may vary according to the growth stage, the part of the plant and the 
characteristics of the environment [20-21]. 
 
Therefore, the aim of this study is to evaluate the effect of time of harvesting on the phenolic composition, 
antioxidant activities and anti-cholinesterase action of yellow yam. 

 
MATERIALS AND METHODS 

 
2.1 Chemicals 
2-Deoxy-D-ribose (Cat No - #D5899), 2,2′-Azino-bis(3-ethylbenzothiazoline-6-sulfonic acid) diammonium salt (Cat 
No -#11557), 2,2-Diphenyl-1-picrylhydrazyl (Cat No - #D9132), Trichloroacetic acid (TCA), Thiobarbituric acid 
(TBA), hydrogen peroxide (H2O2), ferrous sulphate, potassium dichromate (K2Cr2O7), Ferric chloride (FeCl3), 
Methanol, Folin-Ciocalteu’s phenol reagent, sodium  bicarbonate, aluminum  chloride, potassium  acetate, sodium  
phosphate dibasic, sodium phosphate monobasic, di-sodium  phosphate, potassium ferricyanide, 2,2′-azino-bis(3-
ethylbenzothiazoline-6-sulfonic acid) di-ammonium salt (ABTS), 6-hydroxy-2,5,7,8-tetramethylchroman-2-
carboxylic acid (Trolox), orthophosphoric acid, quercitin, hydrochloric acid, sulphuric acid, chloroform, calcium 
chloride, vitamin C, tannic acid, sodium carbonate, aluminium chloride, gallic acid, quercetin, ascorbic acid, glacial 
acetic acid were obtained from Sigma chemical company, USA. The chemicals used were of analytical grades while 
the water was glass distilled. 
 
2.2 Sample treatment and preparation 
The tubers were peeled, chipped and washed to remove dirts and divided into two groups. The first group was boiled 
in a sterilised container at 100 oC until soft (as eaten) while the second group was left raw. Both groups were then 
sun dried for 3 days and milled into fine powder taking caution to avoid contamination. Both the cooked and raw 
samples were stored in a plastic container at room temperature in the Department of Biochemistry, Federal 
University of Technology, Akure, Ondo State, Nigeria. 
 
2.3 Preparation of methanolic extracts 
 Ten grams of yam flour was mixed with 80ml of methanol and left overnight. The suspension was filtered through 
whatman filter paper no 42. The filtrate was put in a measuring cylinder and then made up to 100ml mark with 
methanol. The filtrate was put inside amber bottle and stored at -4°C until it was used. 
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2.4 Quantification of phenolic compounds by HPLC-DAD 
Reverse phase chromatographic analyses were carried out under gradient conditions using C18 column (4.6 mm x 
150 mm) packed with 5µm diameter particles; the mobile phase was water containing 2% acetic acid (A) and 
methanol (B), and the composition gradient was: 5% of B until 2 min and changed  to obtain 25%, 40%, 50%, 60%, 
70% and 100% B at 10, 20, 30, 40, 50 and 80 min, respectively, following the method described by Amaral et al. 
[22] with slight modifications. Cooked and raw yellow yam was analyzed at a concentration of 15 mg/ml. The flow 
rate was 0.7 ml/min, injection volume 50 µl and the wavelength were 254 nm for gallic acid, 280 nm for catechin 
and epicatechin, 325 nm for chlorogenic, caffeic and ellagic acids, and 365 nm for isoquercitrin, quercitrin, 
quercetin, rutin, kaempferol and luteolin. The samples and mobile phase were filtered through 0.45 µm membrane 
filter (Millipore) and then degassed by ultrasonic bath prior to use. Stock solutions of standards references were 
prepared in the HPLC mobile phase at a concentration range of 0.025 – 0.300 mg/ml for isoquercitrin, quercitrin, 
quercetin, rutin, luteolin and kaempferol; and 0.040 – 0.250 mg/ml for gallic acid, chlorogenic acid, caffeic acid, 
ellagic acid, catechin and epicatechin. The chromatography peaks were confirmed by comparing its retention time 
with those of reference standards and by DAD spectra (200 to 600 nm). All chromatography operations were carried 
out at ambient temperature and in triplicate. The limit of detection (LOD) and limit of quantification (LOQ) were 
calculated based on the standard deviation of the responses and the slope using three independent analytical curves, 
as defined by Sabir et al. [23] LOD and LOQ were calculated as 3.3 and 10 σ/S, respectively, where σ is the 
standard deviation of the response and S is the slope of the calibration curve. 
 
2.5 Antioxidant indices 
2.5.1 Total phenolic content (TPC) 
The total phenolic content of the extracts was determined by the Folin-Ciocalteu assay as described by Waterman 
and Mole [24]. 500µL of Folin reagent was added and mixed with a solution containing 100µL of the extract and 
2ml of distilled water. 1.5mL of 7.5% sodium carbonate was then added to the solution and the volume was made up 
to 10mL with distilled water. The mixture was left to stand for 2 h after addition of the sodium carbonate and the 
absorbance of the mixture was measured at 760 nm using a Lambda EZ150 spectrophotometer (Perkin Elmer, 
USA). The standard used was tannic acid and the result was expressed as mg tannic acid equivalents per gram of the 
sample. 
 
2.5.2 Total flavonoid content (TFC) 
The total flavonoid content of the extracts was determined using a slightly modified method reported by Meda et al. 
[25]. Briefly, 0.5mL of appropriately diluted sample was mixed with 0.5mL methanol, 50µL of 10% AlCl3, 50µL of 
1mol L-1 potassium acetate and 1.4mL water, and allowed to incubate at room temperature for 30 min. Thereafter, 
the absorbance of each reaction mixture was subsequently measured at 415 nm. The total flavonoid was calculated 
using quercetin as standard by making use of a seven point standard curve (0-40 µg/ml or 0-100 µg/ml), the total 
flavonoids content of samples was determined  in triplicates and the results were expressed as mg quercetin 
equivalent per gram of the sample. 
 
2.5.3 Ferric reducing antioxidant power (FRAP) 
The reducing power of the extracts was determined by assessing the ability of each extracts to reduce FeCl3 solution 
as described by Oyaizu [26]. Briefly, appropriate dilution of each extract (1ml) was mixed with 1ml of 200 mM 
sodium phosphate buffer (pH 6.6) and 1 ml of 1% potassium ferricyanide. Each mixture was incubated at 50oC for 
20 min and then 1 ml of 10% trichloroacetic acid was added. This mixture was centrifuged at 650 rpm for 10 min. 
2ml of the supernatant was mixed with 2ml of distilled water and 0.4 ml of 0.1% ferric chloride. The absorbance 
was measured at 700 nm. The ferric reducing antioxidant power was determined in triplicate and expressed as mg 
ascorbic acid equivalent/g of the sample. 
 
2.5.4 ABTS antiradical assay  
An antioxidant activity of the extracts was determined using the 2, 2’-azinobis-(3- ethylbenzothiazoline-6-sulfonic 
acid) ABTS antiradical assay [27]. The ABTS•+ (mother solution) was prepared by mixing equal volumes of 8 mM 
ABTS and 3 mM potassium persulphate (K2S2O8) (both prepared using distilled water) in a volumetric flask, which 
was wrapped with foil and allowed to react for a minimum of 12 h in a dark place. The working solution was 
prepared by adding 2.5 ml of the mother solution with 7.5 ml phosphate buffer (pH 7.4). A range of trolox (6-
hydroxy-2, 5, 7, 8-tetramethylchroman-carboxylic acid) standard solutions (100–1000 µM) were prepared in 
acidified methanol. The working solution (2.9 ml) was added to the methanol extracts (0.1 ml) or Trolox standard 
(0.1 ml) in a test tube and mixed with a vortex. The test tubes were allowed to stand for exactly 30 min. The 
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absorbance of the standards and samples were measured at 734 nm with a Lambda EZ150 spectrophotometer. The 
results which were determined in triplicates were expressed as µM Trolox equivalents/g sample, on dry weight basis 
 
2.5.5 DPPH antiradical assay  
The DPPH assay was done according to the method of Brand-Williams et al. [28], with some modifications. The 
stock solution was prepared by dissolving 24 mg DPPH with 100mL methanol and then stored at -20oC until needed. 
The working solution was obtained by mixing 10mL stock solution with 45mL methanol to obtain an absorbance of 
1.1 units at 515 nm using the spectrophotometer. Phenol extracts (300µl) were allowed to react with 2700 µl of the 
DPPH solution for 6 h in the dark. Then the absorbance was taken at 515 nm. Results which were determined in 
triplicates were expressed in µM Trolox Equivalent/g sample. Additional dilution would be needed if the DPPH 
value measured was over the linear range of the standard curve. 
 
2.6 Acetylcholinesterase and butrylcholinesterase inhibitory activity assay 
Acetylcholine esterase (AChE) and butrylcholine esterase (BuChE) inhibitory activity was measured by the 
spectrophotometric method developed by Ellman et al. [29] with slight modifications. Briefly, 1mL of 10mM 5, 5'-
Dithiobis-(2-Nitrobenzoic) acid (DTNB) dissolved in 10mM sodium phosphate buffer (pH 7.0) was added to 0.6ml 
of distilled water. 0.1ml of brain homogenate (enzyme source) and 0.1ml of the sample was then added to the 
mixture and incubated for 2 minutes at 25˚C before 0.2ml 8mM acetylcholine iodide (substrate) was added. The 
absorbance of the mixture was read at 412nm at intervals of 30 seconds for 5 minutes immediately after the substrate 
was added. For the control, 0.1ml of brain homogenate (enzyme source) was added to 1ml of 10mM DTNB 
dissolved in 10mM sodium phosphate buffer (pH 7.0) and 0.7ml of distilled water. The mixture was incubated at 
25˚C for 2 minutes before 0.2ml 8mM of acetylcholine iodide was added and the absorbance was taken 
immediately. 1ml of distilled water and 1ml of 10mM DTNB was used as blank. The procedure was repeated using 
8mM buytrlcholine iodide as substrate. The results were expressed in µmol min−1mg protein−1 using a molar 
extinction coefficient 13.6×103M−1cm−1. 
 
2.7 Statistical analysis 
All the analyses were run in triplicates. Results were then computed using Microsoft Excel software (Microsoft 
Corporation, Redmond, WA) and followed by one –way Anova Duncan’s Multiple Range Test (DMRT) to compare 
the means that showed significant variation by using SPSS 11.09 for windows. The significance level was set at p < 
0.05. 

 
RESULTS 

 
3.1 HPLC-DAD PHENOLIC ESTIMATION 
The HPLC-DAD quali-quantitative estimates of phenolic compounds of early harvested (August, 2014) and late 
harvested (December, 2014) raw and cooked yellow yam (Dioscorea cayenensis) is as shown Figure 1(a-d) and 
Table 1. The qualitative estimates (Figure 1a-d) revealed the presence of gallic acid, catechin, chlorogenic acid, 
caffeic acid, ellagic acid, epicatechin, rutin, quercetrin, quercetin and kaempferol in the raw and processed yellow 
yam samples harvested during two distinct period of the year. The identified phenolic compounds were essentially 
phenolic acids and flavonoids. The result revealed a higher level of most of the identified phenolic compounds in the 
early harvested raw yellow yam compared with the early harvested cooked yellow yam with the exception of 
catechin, chlorogenic acid, ellagic acid and quercetin. Similarly, the same trend was observed in the late harvested 
raw yam with higher amount of the quantified phenolic compounds in the raw yellow yam compared with the 
cooked yellow yam, with exception of rutin, quercetin and kaempferol.   
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Figure 1 – HPLC-DAD chromatographic profiles of (a ).  Raw (b).  Cooked early harvested yellow yam and ( c ).  Raw  (d).  Cooked late 

harvested yellow yams: Gallic acid (peak 1), catechin (peak 2), chlorogenic acid (peak 3), caffeic acid (peak 4), ellagic acid (peak 5), 
epicatechin (peak 6), rutin (peak 7), quercitrin (peak 8), quercetin (peak 9), kaempferol (peak 10) 

 
Table1– Quantitative Estimates of Phenolic Compounds of Early and Late Harvested Yellow Yam 

 

Compounds 
Yam Yellow   LOD  LOQ  

EHRYY (mg/g) EHCYY (mg/g) LHRYY (mg/g) LHCYY(mg/g)  µg/mL µg/mL 
Gallic acid  3.56±0.02  1.65±0.01 1.62±0.01 1.49±0.03  0.013 0.045 
Catechin 0.91±0.01  1.59±0.03 0.94±0.01 0.85±0.01  0.021 0.078 
Chlorogenic acid 3.87±0.01  4.83±0.01 4.07±0.03 0.81±0.01  0.030 0.102 
Caffeic acid 4.15±0.03  2.71±0.01 3.91±0.02 3.59±0.02  0.019 0.062 
Ellagic acid 1.73±0.02  2.64±0.01 1.65±0.03 1.48±0.01  0.027 0.089 
Epicatechin 3.89±0.01  0.87±0.03 0.89±0.01 0.79±0.03  0.008 0.025 
Rutin  4.18±0.01  1.45 ± 0.03 1.74±0.02 4.36±0.01  0.020 0.067 
Quercitrin 9.13±0.02  7.29±0.01 7.18±0.01 6.15±0.02  0.033 0.115 
Quercetin 3.52±0.01  6.01±0.02 4.69±0.03 5.97±0.01  0.015 0.059 
Kaempferol 4.08±0.03  3.95±0.01 1.71±0.01 3.25±0.01  0.028 0.096 

Results are expressed as mean ± standard deviations (SD) of three determinations. LOD= Limit of Detection, LOQ= Limit of Quantification. 
EHRYY= Early Harvested Raw Yellow Yam, EHCYY = Early Harvested   Cooked Yellow Yam, LHRYY= Late Harvested Raw Yellow Yam, 

LHCYY= Late Harvested Cooked Yellow Yam. 

 
3.2 ANTIOXIDANT INDICES 
Studies have attributed that antioxidant properties are due to the presence of phenolic acids and flavonoids [30-31]. 
The antioxidant indices of processed early and late harvested yellow yam are as shown in Table 2. The result 
showed a higher phenolic content in the early harvested yellow yam (Raw: 79.32±7.53; Cooked: 47.34±6.63) 
compared with the late harvested counterpart (Raw: 44.69±13.02; Cooked: 37.81±6.15. The result also showed a 
reduced phenolic content after cooking.  Similarly, higher flavonoid content and ferric reducing antioxidant power 
was recorded for both raw and early harvested yellow yam.  
 
DPPH radicals react with suitable reducing agents, during which the electrons become paired off and the solution 
loses colour stoichiometrically depending on the number of electrons taken up. Similarly, the decolorization of 
ABTS+ cation radical is an unambiguous way to measure the antioxidant activity of phenolic compounds. ABTS 
chemistry involves direct generation of ABTS radical mono cation with no involvement of any intermediary radical, 
it is a decolorization reaction and thus the radical cation assay is performed prior to addition of antioxidant test 
system, rather than the generation of the radical to occur continuously in the presence of antioxidants. The two 
assays have been used widely to evaluate the antioxidant activity of various natural products.  
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The result of the antiradical action also revealed high ABTS and DPPH radical scavenging activities for both raw 
and early harvested yellow yam compared to the cooked and early harvested yellow yam. 

 
Table 2: Antioxidant Indices of Early Harvested and Late Harvested Yellow yam 

 

 
Values represent mean ± standard deviation of triplicate experiments. TAE= Tannic Acid Equivalent; QE= Quercetin Equivalent; AAE= 

Ascorbic Acid Equivalent; TE=Trolox Equivalent. EHRYY= Early Harvested Raw Yellow Yam; EHCYY = Early Harvested   Cooked Yellow 
Yam; LHRYY= Late Harvested Raw Yellow Yam; LHCYY= Late Harvested Cooked Yellow Yam. 

 
3.3 ACETYLCHOLINESTERASE AND BUTYRYLCHOLINESTERASE INHIBITORY ACTIVITY 
The anticholinesterase action of processed early and late harvested yellow yam is as shown in Figures 2-3.  The 
result showed no acetylcholinesterase and butryrylcholinesterase inhibitory action for the early harvested yellow 
yam but a substantial inhibitory action was recorded for the late harvested yellow yam.  The result also showed a 
slightly higher inhibitory action in the late harvested raw yellow yam compared with the cooked counterpart. 

 

 

Figure 2: Effect of early and late harvested yellow yam extracts on brain acetyl- cholinesterase (AChE). EHRYY = Early Harvested Raw 
Yellow Yam; EHCYY = Early Harvested Cooked Yellow Yam; LHRYY = Late Harvested Raw Yellow Yam; LHCYY = Late Harvested 

Cooked Yellow Yam 
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Figure 3: Effect of early and late harvested yellow yam extracts on brain butyrylcholinesterase (BuChE). Keys: EHRYY = Early 

Harvested Raw Yellow Yam; EHCYY = Early Harvested Cooked Yellow Yam; LHRYY = Late Harvested Raw Yellow Yam; LHCYY = 
Late Harvested Cooked Yellow Yam 

 
DISCUSSION AND CONCLUSION 

 
Over the years, exploration of natural products has been on the increase leading to the identifications of plant 
products beneficial to mankind. Interest in the health benefits produced by phenolic compounds has increased in 
recent years because of their proven potent antioxidant capacity [32]. Phenolic compounds exhibit different 
biochemical and pharmacological properties [33], and the total antioxidant activity of plant foods is related to their 
phenolic content [34]. Phenolic compounds have attracted much interest recently because in vitro studies suggest 
that they have a variety of beneficial biological properties like anti-inflammatory, anti-tumor and anti-microbial 
activities [35-38]. 
 
Previous report has identified cyanidin-3- glucoside, catechin, procyanidin dimers ‘B-1’ and ‘B-3’, coumarin, 
quercetin and gallic acid as phenolic constituents of Dioscorea alata  tubers [39-40]. Phenolic compounds are 
commonly found in plants and have been reported to have several biological activities [41-43]. The result revealed a 
higher level of most of the identified phenolic compounds in the early harvested  raw  yellow yam compared with 
the early harvested cooked yellow yam with the exception of catechin, chlorogenic acid, ellagic acid and quercetin. 
Similarly, the same trend was observed in the late harvested raw and cooked yam with higher amount of the 
quantified phenolic compounds in in the raw compared with the cooked yellow yam, with exception of rutin, 
quercetin and kaempferol.  This observation agrees with the report of Ukom et al. [44] which showed that cooking 
decrease the polyphenol content in Xanthoma maffa tuber. Similar observation was made by Didier et al. [40] who 
reported decreasing phenolic compounds in the tubers of Dioscorea alata after cooking. The result further showed 
higher phenolic compounds in the early harvested yellow yam compared to their late harvested raw and cooked 
counterparts. This observation is in agreement with the result of Remorini et al. [45]. They reported that the higher 
maturity of fruit cause a lower phenolic content and  postulated that this may be attributed to the series of chemical 
and enzymatic changes like glycoside hydrolysis by glycosidase, phenolic compounds oxidation by phenol oxidase 
and polymerization of free phenolic compounds [45]. It has also been reported that phenolic compounds such as 
flavanol and cyaniding-3-glucoside of nectarine gold cultivar decrease during fruit maturity [46]. 
 
The higher phenolic content observed in the early harvested yam compared to the late harvested counterpart  is in 
tandem with the observed trend in the quantitative estimation of some phenolic compounds where higher level of the 
identified compounds were reported for the early harvested yam compared with the late harvested yam [45-46].  
 
The reduction in total phenolic compounds during cooking might be due to cooking treatment which may destroy 
some heat sensitive phenolic compounds [13, 47, 44]. The reduced total flavonoid content is in agreement with the 
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report of Ezeocha and Ojimelukwe [48]. They reported that flavonoids are significantly reduced in boiled tubers of 
water yam. Flavonoids are potent water- soluble antioxidants which prevent cell damage and have strong anti-
haemorhoidal activity [49]. Flavonoids have been found to possess antioxidant and anti-inflammatory activities and 
were also useful for sexual stimulation [50].  Flavonoids had the record of being a powerful water soluble free 
radical scavengers and powerful antioxidants which could prevent oxidative cell damage, have a potent anticancer 
activity and inhibited tumour growth [51]. It also contains hydroxyl functional group, which are responsible for 
antioxidant effect in some medicinal plants. The higher ABTS and DPPH radical scavenging activities observed for 
both raw and early harvested yellow yam may be ascribed to strong positive correlation existing between total 
phenolic content and the antioxidant activities of plant foods [52-53]. 
 
Inhibition of cholinesterase is a promising approach for the treatment of Alzheimer's disease (AD) and for possible 
therapeutic applications in the treatment of Parkinson's disease, ageing, and myasthenia gravis [54]. Plant alkaloids 
are best known for inhibiting cholinesterase enzymes, however recent reports has indicated new classes of 
cholinesterase-inhibiting phytochemicals such as coumarins, flavonols, terpenoids, especially monoterpenes [55-58], 
thus making a phenolic compounds containing plant foods a good candidate in the management and prevention 
Alzheimer's disease, Parkinson's disease,  ageing, and myasthenia gravis. The reduced anticholinesterase after 
cooking might be due to the destruction of some heat sensitive bioactive compounds [13, 47, 44].  
 
Previous report showed the cholinesterase inhibitory action of methanolic extract of Dioscorea bulbifera L [59]. The 
cholinesterase inhibitory action that was enhanced in late harvested yam   may be attributed to chemical 
modification and enzymatic changes of phenolic compounds and other phytochemical that occurred during aging 
[45], which in turn could have a positive effect on the bioactivity of the phyto-constituents.  
 

CONCLUSION 
 

The result of this investigation revealed a higher phenolic content, and radical scavenging activities in the early 
harvested (August) yellow yam compared to the late harvested (December) yellow yam. The result also revealed that 
cooking brings about a marked reduction in the phenolic content and antioxidant activities in the studied yellow yam 
and also a slight reduction in the acetylcholinesterase and butyrylcholinesterase inhibitory action of late harvested 
yellow yam.  Furthermore, the anti-cholinesterase action of the studied yam showed no observable activity for the 
early harvested (August) yellow yam but a substantial inhibitory action in the late harvested (December) yellow 
yam. Therefore it could by hypothesized from the result that the studied yellow yam when subjected to mild cooking 
process and harvested not too late (somewhere around October) so as not to prolong the chemical modification and 
enzymatic changes that occurs in plant during aging and maturity, would make the studied yam serve better as a 
functional food, and therefore, could be used in the management of free radical mediate diseases. 
 
Acknowledgement 
I want to acknowledge the support of the research group of Professor Margareth Linde Athayde of the  
Phytochemical Research Laboratory, Department of Industrial Pharmacy, Federal University of Santa Maria, Build 
26, Room 1115, Santa Maria, CEP 97105-900, Brazil for their technical support in the phenolic studies of the 
studied yellow yam. 

 
REFERENCES 

 
[1] B Halliwell. Biochemical Pharmacology, 1995, 49 (10): 1341-1348. 
[2] M Valko, D Leibfritz, J Moncol , MTD Cronin, M Mazur,  J Telser. The International Journal of Biochemistry 
and Cell Biology, 2007, 39(1): 44-84.  
[3] V Lobo, A Patil, A Phatak, N Chandra. Pharmacognosy, 2010, 4: 118-126.  
[4] A  Ndhlala, M  Moyo, J Staden. Molecules, 2010, 15: 6905-6930.  
[5] R Randhir, YT Lin, K Shetty.  Asia Pacific Journal of Clinical Nutrition, 2004, 13 (3), 295-30. 
[6] O Benavente-Garcia, J Castillo, FR Marin, A. Ortuno, JA Del Rio. Journal of Agricultural and Food Chemistry, 
1997, 45:  4505–4515. 
[7] R Puupponen-Pimia, L Nohynek, C Meier, M Kahkonen, M Heinonen, A Hopia, FM   Oksman-Caldentey.  
Journal of Applied Microbiology, 2001, 90(4): 494–507. 
[8] S Samman, PM Lyons Wall, NC Cook. In C. A. Rice-Evans & L. Packer (Eds.): Flavonoids in health and 
disease, New York: Marcel Dekker, 1998 pp. 469–482. 



Sule Ola Salawu                               Arch. Appl. Sci. Res., 2016, 8 (5):85-94 
______________________________________________________________________________ 

93 
Scholars Research Library 

[9] KE Heim, AR Tagliaferro, DJ Bobilya. The Journal of Nutritional Biochemistry, 2002, 13: 572-584. 
[10] AJ Parr, GP Bolwell. Journal of the Science of Food and Agriculture, 2000, 80: 985-1012. 
[11] CL Hsu, W Chen, YM Weng, CY Tseng. Food chemistry, 2003, 23(7):782-876 
[12] DW Cramer, RB Ness, MT Goodman.  American Journal of Epidemiology, 2001, 155:  217- 224. 
[13] BC Adebayo, AO Ademiluyi, G Oboh, AA Akindahunsi. International Journal of Food Science and 
Technology, 2012, 47(4): 703-709. 
[14] FL Hsu, YH Lin, MH Lee.  Journal of Agricultural and Food Chemistry, 2002, 50(21):  6109-13. 
[15] WH Wu, LY Lin, CJ Chung, HJ Jou, TA Wang.  Journal of the American College of  Nutrition 2005, 24 (4):  
235-243. 
[16] C  Kaur, HC Kapoor. International Journal of Food Science and Technology, 2002, 37: 153-161.  
[17] BA Cevallos-Casals, D Byrne, WR Okie, L Cisneros-Zevallos. Food Chemistry,  2006, 96: 273–
280. 
[18] M Gil, AT Tomas-Barberan, B Hess-Pierce, AA Kader. Journal of Agricultural and Food Chemistry, 2002,  50:  
4976–4982. 
[19] SK Lee, AA Kader.  Postharvest Biology and Technology, 2000,  20: 207–220. 
[20] TJS Peixoto Sobrinho, KC M Cardoso, TLB Gomes, UP Albuquerque, ELC Amorim.  Brazilian Journal of 
Pharmaceutical Sciences, 2008, 44: 683-689  
[21] JH Yariwake, FM Lanças, EA Cappelaro, EC Vasconcelos, LA Tibertl, MAS Pereira. Brazilian Journal of 
Pharmacognosy, 2005, 15 (2): 162-168 
[22] GP Amaral, NR Carvalho, RP Barcelos, F Dobrachinski, RL Portella, M Da Silva, TH Lugokenski, RM  Dias, 
SCA Luz, AA Boligon, ML Athayde, MA Villetti,  FAA  Soares, R  Fachinetto.  Journal of Food and Chemical 
Toxicology, 2013, 55(9): 48-55. 
[23] SM Sabir, SD Ahmad, A Hamid, MQ Khan, ML Athayde, DB Santos. Food Chemistry, 2012, 131: 741-747 
[24] PG Waterman, S Mole. Oxford: Blackwell Scientific Publications, 1994.   
[25] A Meda, CE  Lamien,  M Romito,  J  Millogo,  OG Nacoulma.  Food Chemistry, 2005, 91:571-577. 
[26] M Oyaizu. Jpn  J Nutr, 1986, 44: 307-14. 
[27] M Awika, LW Rooney, XL Wu. Journal Agricultural and Food Chemistry, 2003, 51(23): 6657-6662. 
[28] W  Brand-Williams, M Cuvelier, C Berset.  Food Science and Technology, 1995, 28:  25-30. 
[29] GL Ellman, DK Courtney, V Adres, RM Featherstone. Biochemical   Pharmacology, 1961, 52: 88-95 
[30] A  Turkoglu,  ME Duru,  N Mercan, I Kivrak,  K Gezer.   Food Chemistry, 2007, 101:267-73. 
[31] S  Jose, PM Radhamany. Asian Pacific Journal of Tropical Biomedicine, 2012, 2: 386-391. 
[32] DA  Jacobo-Velazquez, L Cisneroszevallos. Journal of Food Science, 2009, 74 (9): 107-113 
[33] WY Kang, CF LI, YX LIU. Medicinal Chemistry Research, 2010, 19 (9): 1222-1232 
[34] G Oboh,  JBT Rocha. European Food Research and Technology, 2007, 225 (2): 239-247  
[35] EA Hudson, PA Dinh, T Kokubun, MSJ Simmonds, A Gescher. Cancer Epidemiology Biomarkers and 
Prevention, 2000, 9: 1163-1170. 
[36] WH Ling, QX Cheng, J Ma, T Wang.  Journal of Nutrition, 2001, 131: 1421-1426. 
[37] T Itani,   H Tatemoto, M Okamoto, K  Fujii, N Muto.  Journal of the Japanese Society for Food Science, 2002, 
49: 540-543. 
[38] Y Morimitsu, K Kubota, T Tashiro.  International Congress Series, 2002, 1245: 503- 508. 
[39] ON Ozo, JC Caygill, DG Coursey. Photochemistry, 1984, 23(2): 329-331 
[40] AC Didier, KK Hubert, KM Dje, FM Kone, AY Yapi, JP Kouadio, LP Kouame.  Asian Journal of Applied 
Sciences, 2014, 2(4): 2340-2634. 
[41] M Vaher, S Ehala, M Kaljurand.  Electrophoresis, 2005, 26: 990–1000  
[42] SO Salawu, C Giaccherini,  M Innocenti,  FF Vincieri, AA Akindahunsi, N Mulinacci.  Food Chemistry, 2009, 
115 (4): 1568-1574.   
[43] SO Salawu,  MJ Bester, KG Duodu.   Journal of Food Biochemistry, 2014, 38:  62-72 
[44] AN Ukom, CF Ezeama, DO Ortiz, IJ Aragon, PC Ojimelukwe. Asian Journal of Agriculture and Food Science, 
2014, 2(5): 1321-1571. 
[45] D Remorini, S Tavarini, E Degl, F Loreti, R Massai, L Guidi. Food Chemistry, 2008, 110(2): 361-367.  
[46] C Andreotti, D Ravaglia, A Ragaini, G Costa.  Annals of Applied Biology, 2008, 153: 11-23. 
[47] RP Minaxi, V Patel, T Parekh, R Subhash. Asian Journal of Plant Science and Research, 2013, 3(2): 66-72. 
[48] VC Ezeocha, PC Ojimelukwe. Journal of Stored Products and Postharvest Research, 2012, 3(13): 172-176. 
[49] DE Okwu, BO Orji. American Journal of Food Technology, 2007, 2: 512-520 
[50] LH Yao. Plant Foods Human Nutrition, 2004, 4: 231-311 
[51] ZP Xiao. Mini Reviews in Medicinal Chemistry, 2011, 5: 231-244 



Sule Ola Salawu                               Arch. Appl. Sci. Res., 2016, 8 (5):85-94 
______________________________________________________________________________ 

94 
Scholars Research Library 

[52] SC  Liu, JT  Lin, CK. Wang, HY Chen, DJ Yang. Food Chemistry, 2009, 577–581. 
[53] BK Sagar, RP Singh   Journal of Food Science Technology, 2011, 48: 412–422 
[54] PS Atta-ur-Rahman, A Khalid, A Farooq, MI Choudhary. Phytochemistry, 2001, 58(6): 963-68. 
[55] FD  Goffman, CJ Bergman. Journal of the Science of Food and Agriculture, 2004, 84: 1235-1240. 
[56] S Tian, K Nakamura, H Kayahara. Journal of Agricultural and Food Chemistry, 2004, 52: 4808-4013 
[57] Z  Zhou, K Robards,  S Helliwell, C Blanchard. Food Chemistry, 2004, 87:401-6. 
[58] S Tian, K Nakamura, T Cui, H Kayahara.  Journal of   Chromatography A, 2005, 1063: 121-128.  
[59] S Sancheti, S Sancheti, BH Um, SY Seo. South African Journal Botany, 2010, 76(2):285-288 
 
 
 


