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Abstract: Resistant starch (RS) shows potential health benefits against certain metabolic 

diseases, hence, this research was aimed to determine the resistant starch contents of certain 

traditional foods using the Megazyme resistant starch assay kit (Megazyme, Bray, Ireland). 

The experimental sample was divided into four groups (cereals, legumes, stem tubers and 

root tubers). The RS contents measured from the pellet left after 16hr of α-amylase and 

amyloglucosidase digestion of samples, were greater than 10% for all the samples analyzed. 

White yam had the highest total starch (TS) (103.37 ± 23.43 %w/w), followed by maize 

(88.34 ± 8.51) and Eddoe (87.27 ± 2.32) and the least was Bambara nut (54.54 ± 2.33). 

Among the various groups, legume showed the least TS content on average. The resistant 

starch contents in the legume samples analyzed ranged from 31.60 ± 4.12 to 41.94 ± 0.43 

(%w/w). On the other hand, the NRS contents in legume samples ranged from 17.30 ± 8.50 

to 28.54 ± 7.57. Among the legumes analyzed, Pigeon pea had the highest RS content of 

41.94 ± 0.43 and lowest NRS content of 17.30 ± 8.51. Bambara nut had quite low NRS of 

17.19 ± 4.57 and relatively moderate RS content of 37.35 ± 2.93. The resistant starch 

contents in cereals ranged from 25.07 ± 4.19 to 31.59 ± 4.83 (%w/w). This result showed 

that among the various groups, cereals had the lowest RS but had the highest NRS contents 

on average. The NRS contents in cereals ranged from 30.12 ± 8.45 to 56.67 ± 7.51. There 

was a significant decrease, p 0.05, in the RS content of bitter yam (25.82 ± 10.81) when 

compared to all the other tubers. Conversely, there was a significant increase, p 0.05, in the 

level of RS content of Eddoe (54.85 ± 5.02) when compared to the bitter yam and Taro. 

White yam with 51.40 ± 18.29, was significantly high, p 0.05, in NRS content when 

compared to the other tubers. Among the stem tubers, the RS content of water yam, white 

yam and bitter yam was 44.69±3.95, 52.25 ± 16.96 and 25.82 ± 10.81 respectively. The 

NRS content in the same order was 17.53 ± 10.19, 51.40 ± 18.29 and 30.47 ± 12.58 

respectively. 
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INTRODUCTION 
Most people from around the world today are 

suffering from more diet related diseases than ever 

before in history. Lifestyle such as wrong nutritional 

habits coupled with lack of regular exercise has been 

the leading cause of these ill-healths called metabolic 

disorder (Ann, 2008). The emergence of these disorders 

in recent times is due, partly, to the embrace with 

reckless abandon of western diet (Goldsmith, 2014). 

Thus, metabolic disorders such as cardiovascular 

diseases, obesity, diabetes, and cancer have recently 

become major threats to human health in many nations 

(Chen, 2010). Cardiovascular diseases and diabetes 

have been shown to be the leading cause of mortality in 

the world (Nigudkar, 2014). Resistant starch (RS), an 

important component of diet, shows the potential health 

benefits against these metabolic diseases (Nigudkar, 

2014). Hence, it is one of the nature’s most interesting 

bioactive compounds (Moongngarm, 2013). Resistant 

starch exerts its positive health benefits by escaping 

digestion in the small intestine and then serving as 

substrate for microbial fermentation in the colon which 

produces, beside other compounds, short chain fatty 

acids (SCFAs), such as butyrate, propionate and acetate 

(Dupuis, 2014). These short chain fatty acids play a 

number of roles in increasing metabolism, decreasing 

inflammation and formation of ATP (Topping and 

Clifton, 2001; Kolida and Gibson, 2007; Goldsmith, 

2014). Therefore, resistant starch rich foods can 

decrease glycemic and insulin responses and reduce the 

risk of developing type II diabetes mellitus, obesity and 

cardiovascular diseases (Granfeldt et al., 1995; Regina 

et al., 2006; Zhu, et al., 2017). Besides, resistant starch 

selectively stimulates the growth of beneficial bacteria 

which then prevent colonization and infection by 

potential pathogens (Kolida and Gibson, 2007; 
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Goldsmith, 2014). The escape of digestion by resistant 

starch is due, majorly, to the crystalline structure of 

starch which hinders enzymic interaction with the 

molecule (Nugent and Lockyer, 2016). Hence, any 

activity that disrupts the crystalline structure of starch 

such as gelatinization or that makes it accessible to the 

enzymes by releasing it from intact cell wall and bound 

molecules relieves its resistance to digestion (Karim et 

al., 2000). Thus, various food processing affect the 

resistant starch content (Nugent, 2005). Starch is one of 

the major components of legumes, cereals and tubers, 

thus, it is the major natural sources of resistant starch 

(Leszezynski, 2004). In addition, unripe banana, 

plantain and sweet potato have been shown variously to 

have high resistant starch contents. However, plant 

locations affect the nutritive composition and as such 

affect the resistant starch contents (Nugent and 

Lockyer, 2016).  

 

Impact of Resistant Starch on Human Health 

The normal human gut has hundreds of 

bacterial species, which are stimulated by RS in our 

intestine, helping to maintain a healthy balance of 

bacteria (Goldsmith, 2016). These good bacteria feed on 

RS and produce Short Chain Fatty Acids (SCFA), 

through fermentation, the most significant of which are 

butyrate, acetate and propionate by fermentation 

process - of these three SCFA, Butyrate is of particular 

importance due to its beneficial effects on the colon and 

overall health, and RS appears to increase butyrate 

production more when compared to the soluble fibers 

(Nugent, 2005). Butyrate is the preferred energy source 

of cells lining the colon, and it also plays a number of 

roles in increasing metabolism, decreasing 

inflammation and improving stress resistance. Also, 

butyrate functions to improve the integrity of our gut by 

decreasing intestinal permeability and therefore keeping 

toxins in the gut and out of the bloodstream (Chen et 

al., 2010). Butyrate that is not utilized by the colonic 

cells enters the bloodstream, travel to the liver, and 

spread throughout the body where they exert additional 

anti-inflammatory effect (Goldsmith, 2016). 

 

RS have several beneficial effects that may 

contribute to weight loss, including decreased blood 

insulin spikes after meals as pointed out ab initio, 

decreased appetite, and decreased fat storage in fat 

cells. RS is also associated with decreased risk of 

colorectal cancer, thought to occur through several 

different mechanisms including protection and 

increased apoptosis of cancerous cells (Goldsmith, 

2016). 

 

MATERIALS AND METHODS 

 Sample Collection 

Food samples (maize, millet, wheat, bambara 

nut, cowpea, pigeon pea, water yam, white yam, bitter 

yam, eddoes and taro) were purchased from food 

dealers at Ogige market in Nsukka, Enugu, Nigeria. 

They were grouped into cereals, legumes, stem tuber 

and root tuber. 

 

Determination of moisture content  
Moisture content of dry samples were 

determined using the method described by AOAC 

(1980) 

 

Estimation of RS and NRS contents 

Sample Preparation 

Approximately 50 g of each of the samples 

was milled to pass a 1.0 mm sieve. It was then 

transferred to a wide-mouthed plastic jar and mix well 

by shaking and inversion.   

 

The contents of RS, non-resistant starch and 

total starch were analyzed using the Megazyme resistant 

starch assay kit (Megazyme International Ireland Ltd, 

Bray, Ireland) by AOAC Method 2002.02; AACC 

Method 32-40.01 and Codex Type II Method. 

 

In this determination, samples are incubated in 

a shaking water bath with pancreatic α-amylase and 

amyloglucosidase (AMG) for 16 h at 37°C, during 

which time non-resistant starch is solubilised and 

hydrolysed to D-glucose by the combined action of the 

two enzymes.  The reaction is terminated by the 

addition of an equal volume of ethanol and the RS is 

recovered as a pellet on centrifugation.  This is then 

washed twice by suspension in aqueous ethanol (50% 

v/v), followed by centrifugation.  Free liquid is removed 

by decantation.  RS in the pellet is dissolved in 2 M 

KOH by vigorously stirring in an ice-water bath over a 

magnetic stirrer.  This solution is neutralised with 

acetate buffer and the starch is quantitatively 

hydrolysed to glucose with AMG.  D-Glucose is 

measured with glucose oxidase/peroxidase reagent 

(GOPOD) and this is a measure of the RS content of the 

sample.  Non-resistant starch (solubilised starch) is 

determined by pooling the original supernatant and the 

washings, adjusting the volume to 100 mL and 

measuring D-glucose content with GOPOD. 

 

Statistical Analysis 

All samples were analyzed in triplicates and 

data were expressed as means and standard deviations. 

Data obtained were subjected to one-way statistical 

Analysis of Variance (ONE-WAY ANOVA) using 

SPSS for Windows), version 16. The difference in 

means was determined by the Least Standard Deviation 

Multiple Range Test (LSD). Statistical significance was 

set at 95% confidence level 

 

RESULTS 
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Fig. 1, Percentage (w/w) of total starch in food samples analyzed. 

TS = Total Starch, n = 3 

 
Fig. 2, Percentage (w/w) of the resistant starch contents in the food samples analyzed. These foods were purchased from 

Ogegi market at Nsukka in Enugu state, Nigeria. 

RS = Resistant Starch, n = 3 
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Fig. 3; Percentage (w/w) of the non-resistant starch contents in the food samples analyzed 

NRS = Non-Resistant Starch, n = 3 

 

 
Fig. 4, Percentage weight per weight of RS, NRS and TS among the cereals 

n = 3. RS = Resistant Starch. NRS = Non-Resistant Starch. TS = Total Starch 

 

 
Fig. 5, Percentage weight per weight of RS, NRS and TS among the legumes 

n = 3. RS = Resistant Starch. NRS = Non-Resistant Starch. TS = Total Starch 
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Fig. 6, Percentage weight per weight of RS, NRS and TS among stem tubers 

n = 3. RS = Resistant Starch. NRS = Non-Resistant Starch. TS = Total Starch 

 

 
Fig. 7, Percentage weight per weight of RS, NRS and TS among root tubers 

n = 3. RS = Resistant Starch. NRS = Non-Resistant Starch. TS = Total Starch 

 

DISCUSSION 
Traditional Nigerian diets include cereal, 

legume and tuber based foods. Maize, millet, and wheat 

were used as the representatives of cereal; bambara nut, 

Cowpea and Pigeon pea were used for legumes; White 

yam, Water yam and Bitter yam were used for stem 

tubers and Eddoe and taro for root tubers. The RS 

contents measured from the pellet left after 16hr alpha-

amylase and amyloglucosidase activities on the 

samples, were greater than 10% for all the samples 

analyzed. Legumes belong to the group of starchy foods 

that are physically inaccessible to digestive enzymes 

due to the presence of intact cell walls (Goldsmith, 

2014). The resistant starch contents in the legume 

samples analyzed ranged from 31.60 ± 4.12 to 41.94 ± 

0.43 (%w/w) (mean ± SD) of the samples. This result 

indicates that legume starch maybe slowly digested as 

posited by Phillips (1993). On the other hand, the non-

resistant starch contents in legume samples ranged from 

17.30 ± 8.50 to 28.54 ± 7.57. This range was the lowest 

obtained among the whole samples, indicating that 

legumes had the lowest non-resistant starch contents 

among the food samples analyzed, further buttressing 

the slow digestibility of legumes as they may contain 

preponderance of RS. Thus, legumes are major sources 

of RS and they play role as therapeutic agents in the 

diets of persons suffering from metabolic disorders 

(Mahadevamma and Tharanathan, 2004). Among the 

legumes analyzed, Pigeon pea had the highest resistant 

starch content of 41.94 ± 0.43 and it had the lowest non-

resistant starch content of 17.30 ± 8.51, but there was 

no significant difference (p 0.05) in the resistant and 

non-resistant starch contents within the group. 

 

The resistant starch contents in cereals ranged 

from 25.07 ± 4.19 to 31.59 ± 4.83 (%w/w). This result 
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showed that among the various food groups, cereals had 

the lowest RS and the highest NRS contents on average. 

The NRS contents in cereals ranged from 30.12 ± 8.45 

to 56.67 ± 7.51. However, legumes showed opposite 

effect on the RS and NRS contents. Thus, cereals were 

the main sources of energy giving food (Shewry and 

Hey, 2015). Similarly, major starch sources are the 

cereals (Santana and Meireles, 2014; Alcazar-Alay and 

Meireles, 2015). The amount of TS in cereals ranged 

from 57.32 ± 12.38 to 88.34 ± 8.51. This could be the 

reason cereals have been described as major sources of 

energy giving foods. Among the three cereal food 

samples, TS content of maize was significantly high 

(p 0.05) when compared to the others, wheat and 

millet, whereas there was no significant difference 

(p 0.05) in the content of TS between wheat and 

millet. The significant increase (p 0.05) in the content 

of TS in Maize could have arisen from NRS, which was 

significantly high (p 0.05) when compared to the rest, 

as there was no significant difference (p 0.05) in the 

contents of RS in the three food samples. The high NRS 

in cereals indicated that they may not be appropriate to 

be used as they cannot be used as stated in the diets of 

persons suffering from metabolic disorders, unless they 

(cereals) are treated to reduce the NRS levels and 

possibly increase the RS levels. 

 

A significant decrease (p 0.05) in the RS 

content of Bitter yam was observed when compared to 

all the other tubers. Conversely, there was a significant 

increase (p 0.05) in the RS content of Eddoe when 

compared to the Bitter yam and Taro but it showed no 

significant difference (p 0.05) when compared to the 

other tubers in the samples. White yam with 51.40 ± 

18.29 was significantly high (p 0.05) in NRS content 

when compared to the other tubers. However, all other 

tubers showed no significant difference (p 0.05) when 

compared to one another. The high content of NRS in 

White yam could be due to its high glucose response. 

Among the stem tubers, the RS contents of Water yam, 

White yam and Bitter yam were 44.69 ± 3.95, 52.25 ± 

16.96 and 25.82 ± 10.81 respectively. The NRS levels 

in the same order were 17.53 ± 10.19, 51.40 ± 18.29 

and 30.47 ± 12.58 respectively. This is in line with the 

result of Chen et al. (2010). 

 

CONCLUSION 
Cereals, legumes and tubers which are 

traditional Nigerian foods are composed of starch. The 

amounts of total starch, resistant starch and non-

resistant starch component of these foods differ, with 

legumes having a moderate amount of total starch and 

resistant starch contents. However, cereals and tubers 

showed TS above 50 (%w/w) of the samples. Being that 

Pigeon pea, Water yam and Bambara nut have 

moderately high RS contents with corresponding low 

contents of NRS, it could suggest that they may help 

prevent or remedy metabolic disorders, whereas White 

yam and Maize which have relatively high NRS 

contents may not be ideal for use in managing 

metabolic disorders. 
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