
 

 

ABSTRACT 

SUN, WEN. Sweet Potato Cultivar Effects on Glycemic Index. (Under the direction of Dr. 

Jonathan C. Allen.) 

 

Sweet potatoes are rich in dietary fiber, minerals, vitamins and bioactive compounds such as 

β-carotene, phenolics and anthocyanins that provide sweet potato cultivars with distinctive 

flesh colors (white, yellow, orange and purple). Limited studies have been conducted on the 

glycemic index of sweet potatoes. This study aimed to 1) investigate GI of different cultivars 

of sweet potatoes; 2) determine how the GI is impacted by specific plant components; 3) aid 

in marketing sweet potatoes to consumers with health concerns.  

Eight different sweet potato cultivars (2 white, 2 yellow, 2 orange, 2 purple-fleshed cultivars) 

were selected. Moisture, ash, fat, protein, crude fiber, dietary fiber were measured to 

calculate the carbohydrate amount. β-carotene was extracted with hexane - acetone solvents 

and spectrophotometrically quantified. Total anthocyanins was measured by the pH-

differential method, and total phenolics by the Folin-Ciocalteau method. Orange-fleshed 

sweet potato 'Evangeline' had the highest β-carotene with 116.56 μg/g fwb, and purple-

fleshed sweet potato 'Stokes' had the highest total anthocyanins (635 mg/100g fwb) and total 

phenolics (307 mg CAE/100g fwb). High values of anthocyanins and total phenolic 

compounds in purple-fleshed sweet potatoes may indicate high antioxidant activity. 

The normalized GI was lowest, 65.8 ±22.86, for Stokes (purple-fleshed) and highest, 80.0 ± 

18.14, for O'Henry (white-fleshed). There were no significant differences of normalized GI 

among eight sweet potato cultivars (P= 0.780), and no correlation between any of the 



 

 

pigment components (β-carotene, anthocyanins, total phenols) and normalized GI was found. 

Occasion effect (P = 0.828) and insulin release (P = 0.934) both did not impact normalized 

GI significantly. 
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SWEET POTATOES 

Sweet potatoes (Ipomoea batatas L.), the seventh most important food crop after wheat, rice, 

maize, potato, barley and cassava, is a staple food in many developing countries of the 

tropics and sub-tropics [1]. Asia has the largest cultivated land area (60.75%) and production 

(88.53%) of sweet potato in the world. According to production statistics for sweet potato, 

there is a dramatic reduction of the production in China from 102 million tonnes in 2005 to 

75.8 million tonnes in 2007, which means its importance as a food item is decreasing [2]. 

Nevertheless, as living standards improve during these years, people are increasingly 

choosing to consume healthy or organic foods because of the published benefits of fruits and 

vegetables. The production of sweet potato in China interestingly  indicates a small rise from 

75.8 million tonnes in 2007 to 81.2 million tonnes in 2010 [2].  

Sweet potato is rich in nutrients, including carbohydrates, protein, fiber, beta-carotene, 

vitamin C, phenolics and anthocyanins. It ranked highest in nutritional value among 

vegetables available in the United States [3]. The amount of a specific nutrient in sweet 

potato varies among cultivars. It's reported that the protein content can vary from 1.0% to 

9.0%, and the fiber content can be as low as 0.7%, or as much as 3.4% on a fresh weight 

basis [4].  
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There are hundreds of varieties of sweet potatoes with different levels of flesh color and 

sweetness, ranging from white and mild to deep orange and purple. For instance, 'Covington', 

the orange-fleshed sweet potato, is the major cultivar grown in North Carolina. 'Evangeline' 

lives up to its reputation by the sweet taste and beautiful shape of the sweet 

potatoes. 'Murisaki', a purple-skinned, yellow-fleshed Japanese sweet potato is a summer 

standout with distinctive nutty flavor. 'Okinawa' and 'Stokes' are both purple-fleshed sweet 

potatoes, but the anthocyanins content in the Stokes is 4 times greater than in Okinawa sweet 

potatoes [5]. 

DIABETES 

Diabetes is a chronic disease that occurs when the pancreas does not produce enough insulin, 

or when the body cannot effectively use the insulin it produces. Elevated blood glucose is a 

common effect of uncontrolled diabetes and over time leads to serious damage to many of 

the body's systems, especially the nerves and blood vessels. The patients will have 

complications like heart disease and stroke, high blood pressure, blindness, kidney disease, 

nervous system disease.  

According to the International Diabetes Federation (IDF), 366 million people worldwide 

have diabetes, and the number of people living with diabetes is expected to rise from 366 

million to 552 million by 2030, if no urgent action is taken [6]. This equates to approximately 
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three new cases every ten seconds or almost ten million per year. IDF also estimates that as 

many as 183 million people are unaware that they have diabetes. America has 25 million 

diabetic people (about 8% of the population in US), including diagnosed and undiagnosed. 

Diabetes is also among the top 10 leading causes of death in America. American Diabetes 

Association (ADA) reports that the total costs of diagnosed diabetes in the United States in 

2007 is around $174 billion, including $116 billion for direct medical costs and $58 billion 

for indirect cost, such as disability and work loss [7]. 

Diabetes can be divided to three main types: type 1 diabetes, type 2 diabetes and gestational 

diabetes. Type 1 diabetes results from the body's failure to produce insulin due to the loss of 

beta cells of the islets of Langerhans in the pancreas, while type 2 diabetes is characterized 

by insulin resistance, which indicates that cells can't use insulin properly so that the blood 

glucose level still remains high after consumption of carbohydrates. Gestational 

diabetes occurs when pregnant women without a previous diagnosis of diabetes develop a 

high blood glucose level. 

Fasting plasma glucose levels repeatedly at or above 7.0 mmol/L (126 mg/dL) can be 

diagnosed with diabetes. The 2 hour oral glucose tolerance test (OGTT) glucose level should 

be below 7.8 mmol/L (140 mg/dL). Glucose levels above 11.1 mmol/L (200 mg/dL) at 2 

hours confirms a diagnosis of diabetes. Studies show that HbA1c can be used to diagnose 

diabetes, because HbA1c is formed by the attachment of glucose to the N-terminal valine of 

http://en.wikipedia.org/wiki/Islets_of_Langerhans
http://en.wikipedia.org/wiki/Gestational_diabetes
http://en.wikipedia.org/wiki/Gestational_diabetes
http://en.wikipedia.org/wiki/Gestational_diabetes
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the β-chain of hemoglobin [8]. HbA1c reflects long-term glycemic exposure, representing the 

average glucose concentration over the preceding 8–12 weeks [9]. An HbA1c of 6.5% is 

advised as the cut point for diagnosis, but a value less than 6.5% does not exclude diabetes 

diagnosed using glucose tests [10]. 

Lifestyle changes, such as eating healthily and increasing physical activity, can dramatically 

reduce the risk of diabetes in healthy people as well as the progression of Type 2 diabetes in 

patients with impaired glucose tolerance or impaired fasting glucose [11,12]. Thus, diet and 

exercise are recommended as the first line of treatment for Type 2 diabetes. However, if 

normal blood glucose levels are not achieved within three months, medication treatment is 

recommended. Insulin therapy combined with other treatments are necessary for patients 

with Type 1 diabetes to survive and live a long life. Reynolds et al. (2011) demonstrated that 

a large proportion of youth with diabetes are current users of tobacco products, adding to 

their already elevated risk for cardiovascular disease associated with having diabetes [13]. 

European research showed that among 27,561 patients aged 15 to 20 years with type 1 

diabetes from 247 medical centers in Austria and Germany, 21.6% of male and 13.7% of 

female participants were smokers [14]. Compared with non-smokers, they had higher HbA1c, 

triglyceride, and total cholesterol levels and blood pressure, which contributes to higher risk 

of cardiovascular disease [14]. Therefore, avoiding tobacco use is important for people with 

diabetes to prevent those complications from getting worse. 

http://www.sciencedirect.com.prox.lib.ncsu.edu/science/article/pii/S0022347610008784
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CARBOHYDRATE METABOLISM 

Carbohydrates includes monosaccharides (glucose, fructose, galactose), disaccharides 

(sucrose, lactose, maltose), oligosaccharides (raffinose, stachyose) and polysaccharides 

(starches, dietary fiber). Digestion of carbohydrates begins with the process of chewing the 

bolus of food into smaller particles. Saliva is incorporated into food as a buffer and salivary 

alpha-amylase starts the breakdown of starch. However, when the food is swallowed into 

stomach, salivary alpha-amylase is denatured because of the low pH. Digestion begins again 

when pancreatic alpha-amylase is secreted in the small intestine. Salivary and pancreatic 

amylases are alpha 1-4 endoglucosidases that produce glucose oligomers, such as maltose, 

isomaltose, and maltotriose, from starch. These intermediate products then will be further 

digested to their respective monosaccharides by specific enzymes (glucoamylase, isomaltase, 

maltase) before absorption. Sucrose is hydrolyzed to glucose and fructose by sucrase. 

Maltose is hydrolyzed to two molecules of glucose by maltase. Lactose is hydrolyzed to 

glucose and galactose by lactase [15].   

The monosaccharide units then can be absorbed to the blood stream and transported to 

various organs for storage or used as a metabolic fuel. The uptake of glucose occurs by 

facilitated transport, which requires glucose transporters (GLUT). GLUT1 presents in red 

blood cells and brain, and it takes up glucose across the blood-brain barrier. GLUT2 is a low 

affinity glucose transporter that can be found in liver, pancreas, small intestine and kidney, 

http://en.wikipedia.org/wiki/Raffinose
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while GLUT3 is a glucose transporter with high affinity that only presents in brain. GLUT4 

is responsible for insulin-stimulated glucose uptake in skeletal muscles, heart, and adipose 

tissue. GLUT5 has capacity to transport fructose in small intestine, kidney and sperm. 

Sodium-glucose linked transporter (SGLT) is a family of glucose transporter found in the 

intestinal mucosa of the small intestine (SGLT1) and the proximal tubule of 

the nephron (SGLT2).  When blood glucose elevates after consumption of food, the pancreas 

will secrete more insulin and less glucagon so that adipocytes and skeletal muscles can take 

up more glucose to lower the blood glucose level to the normal range [15].     

GLYCEMIC INDEX 

It is increasingly recognized by the public that dietary control of postprandial glycemic 

responses is important to prevent or manage diabetes-related diseases [16,17]. For this reason, 

the concept of Glycemic Index (GI) was introduced in early 1981 as a method for classifying 

food carbohydrates according to their immediate effects on blood glucose levels [18]. Foods 

with carbohydrates that break down quickly during digestion and release glucose rapidly into 

the bloodstream tend to have a high GI; foods with carbohydrates that break down more 

slowly, releasing glucose more gradually into the bloodstream, tend to have a low GI. The 

glycemic index of a food is defined as the incremental area under the two-hour blood glucose 

response curve (AUC) following a 10-12 hour fast and ingestion of a food with a certain 

quantity of available carbohydrate (usually 50 g) [19]. The incremental areas under the curve 

http://en.wikipedia.org/wiki/Glucose_transporter
http://en.wikipedia.org/wiki/Mucosa
http://en.wikipedia.org/wiki/Small_intestine
http://en.wikipedia.org/wiki/Proximal_tubule
http://en.wikipedia.org/wiki/Nephron
http://en.wikipedia.org/wiki/Glucose
http://en.wikipedia.org/wiki/Bloodstream
http://en.wikipedia.org/wiki/Area_under_the_curve
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(AUC), excluding the area beneath the fasting level, is calculated geometrically [20]. The GI 

then can be calculated by expressing the glycemic response area for the test food as a 

percentage of the mean response area of the reference food taken by the same subjects [20]. 

Table 1. Classification of Glycemic Index Values and Examples. Table was adapted from 

[21]. 

Classification GI Range Examples 

Low GI food 55 or less Beans, Nuts, Fruits, Vegetables, fructose 

Moderate GI food 56-69 Wheat, Sweet potatoes, Ice cream, Grape juice 3 % 

High GI food 70 and above White bread, Potatoes, White rice, glucose 

 

Many factors can impact GI values, such as the nature of the monosaccharide components 

(glucose, fructose, galactose), the nature of the starch (amylose, amylopectin, starch-nutrient 

interaction, resistant starch), cooking/food processing (degree of starch gelatinization,  

particle size, food form, cellular structure) and the reaction with other food components (fat, 

protein, organic acids) [22]. The GI of a food also varies from person to person and even in a 

single individual from day to day, depending on blood glucose levels, insulin resistance, and 

other factors.  
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Recent studies have shown that the consumption of an alcoholic drink prior to a meal 

produced an 18% higher postprandial glucose AUC (P = 0.03) and had no significant effect 

on the insulin AUC, probably because of alcohol induced impaired insulin sensitivity [23]. 

Another research in New Zealand indicates that moderate alcohol consumption (20 g alcohol 

for females, 30 g alcohol for males) more than 12 hours prior to a test did not affect the GI 

[24].  

GLYCEMIC INDEX OF SWEET POTATOES 

Sweet potato is recommended as a healthy food for diabetic or insulin-resistant consumers 

due to its moderate glycemic index. The website of the N.C. SweetPotato Commission lists 

the GI of sweet potato 63 to 66, but GI varies among cultivars and depends on the cooking 

methods [25]. A recent study in Jamaica listed the GI for ten Jamaican sweet potato cultivars 

with different processing methods, ranging from 41 to 94. Samples processed by boiling had 

the lowest glycemic index while those roasted and baked had significantly higher glycemic 

indices [26].  

Caiapo, a commercial extract of the white-skinned sweet potato cortex, had beneficial effects 

on glucose and HbA1c control in patients with Type 2 diabetes after 5 months follow-up by 

improving insulin sensitivity and adiponectin levels [27]. Animal study also indicated a 
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significant blood glucose lowering effect and increased adiponectin levels starting 1 week 

after repeated administration of white-skinned sweet potato to type 2 diabetic mice [28].  

Allen and his group (2012) tested the glycemic indices of Beauregard sweet potato flesh 

cooked by steaming, baking and microwaving, and the results (63 ± 3.6, 64 ± 4.3 and 66 ± 

5.7, respectively) indicated no significant difference between these methods [29]. They also 

confirmed that Caiapo tended to lower the glycemic index of white potato to a level that was 

not different from the raw sweet potato peel [29].  

RESISTANT STARCH 

The blood glucose absorbed from any given food is affected by physiological and nutritional 

factors, which include the digestibility of the starch, and interactions of starch with proteins 

[30]. Starch is gelatinized at 60-90 °C and becomes susceptible to hydrolysis by alpha and 

beta amylase. Incomplete cooking processes followed by cooling results in starch becoming 

resistant to digestion, leading to slow digestion and lower glycemic response [31]. The mean 

resistant starch (RS) contents in sweet potato increase 62.1% after three heating/cooling 

cycles from 1.32 g to 2.14 g on a dry weight basis (P ≤ 0.05) [32].  

Resistant starches (RS) have been defined as ―the sum of starch and products of starch 

digestion not absorbed in the small intestine of healthy individuals" [33]. Resistant starches 

are typically categorized into four classes: RS1, RS2, RS3, RS4, according to their physical 
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and chemical characteristics. RS1 is physically inaccessible or digestible resistant starch, 

such as that found in seeds, legumes and unprocessed whole grains. RS2 occurs in its natural 

granular form, such as uncooked potato, green banana flour and high amylose corn. RS3 is 

formed when starch-containing foods are cooked and cooled such as in bread, cornflakes and 

cooked-and-chilled potatoes or retrograded high amylose corn. RS4 is selected chemically-

modified resistant starches, which cannot be found in nature [34]. 

Many studies have examined the relationship between RS ingestion and postprandial 

metabolite and hormone concentrations. In general, it is accepted that RS consumption 

lowers postprandial glucose concentrations marginally and postprandial insulin 

concentrations markedly. Many groups report a decrease in postprandial glycemic or insulin 

responses to RS ingestion relative to digestible starch (DS) consumption [35-37], whereas 

some report no changes [38-40].  A study in United Kingdom showed that only four weeks of 

resistant starch intake significantly increased the first-phase insulin secretion in individuals at 

risk of developing type 2 diabetes [41].  

In addition, RS appears to confer considerable benefits to human colonic health, and to act as 

a vehicle to increase the total dietary fiber content of foodstuffs, particularly those which are 

low in energy and/or in total carbohydrate content [42]. Health benefits in the large intestine 

include enhanced fermentation and laxation; increased uptake of minerals such as calcium; 
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changes in the microflora composition, including increased probiotics and reduced pathogen 

levels; and reduced symptoms of diarrhea [43].  

Replacement of 5.4% of total dietary carbohydrate with RS significantly increased post-

prandial lipid oxidation (23% greater than 0% replacement meal, P=0.0062) and therefore 

could decrease fat accumulation in the long-term [44]. Dietary RS significantly impacts on 

adipose tissue patterning, adipocyte morphology and metabolism, glucose and insulin 

metabolism, as well as affecting appetite regulation, supported by changes in neuronal 

activity in hypothalamic appetite regulation centers which are suggestive of satiation [45]. As 

shown in Figure 1, visceral and subcutaneous adipose tissue deposits were determined to be 

higher in the readily digestible starch (LRS) group than the high resistant starch (HRS) group 

(P < 0.05). 
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Figure 1. Typical transverse abdominal MRI and associated segmented images of mice on 

HRS and LRS diets. Cited from [45]. 

 

FIBER 

Following starch, fiber is the second most abundant component in sweet potato. For decades 

there was crude fiber (CF), ―the residue of plant (based) food left after extraction with 

solvent, dilute acid, and dilute alkali‖ [46]. CF does not include many of the fiber 

components we normally associate with the physiological activity of fiber, a more 

appropriate definition was needed. The term ―dietary fiber‖ was first applied by Hipsley 

(1953) as a shorthand term for the constituents [47]. The current working definition of DF is 
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―Dietary Fiber consists of the remnants of plant cells, polysaccharides, lignin and associated 

substances resistant to hydrolysis (digestion) by the alimentary enzymes of humans‖ [48]. 

Mei and her group (2010) investigated the components of dietary fiber in 10 Chinese sweet 

potato cultivars, and found there were significant differences (P < 0.05) in the contents of 

cellulose, lignin, pectin, and hemicellulose in DF among the varieties [49]. Dietary fiber is 

associated with reduced diabetes risk, which may be explained by mediating the 

proinflammatory process and depositing hepatic fat [50]. 

BETA-CAROTENE 

Beta-carotene is a natural food component that is present in fruits and vegetables, such as 

carrot, spinach, sweet potato and pumpkin. It is also used as a food colorant and a 

supplement, because it is an anti-oxidant and a source of vitamin A. Beta-carotene is 

endowed with health beneficial properties. Studies show that high serum beta-carotene levels 

are associated with a reduced risk for cardiovascular disease and a reduced risk for 

developing cancer, in particular of the stomach, oesophagus, lung, oral cavity, pharynx, 

pancreas and colon [51,52]. Nevertheless, with high intake of beta-carotene, higher incidence 

and mortality from lung cancer occurred for the exposed group compared with the placebo 

group [53,54].  
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Orange-fleshed intensity of sweet potatoes tend to have a higher amount of beta-carotene 

than yellow, white or purple-fleshed cultivars. However, the oxygen radical absorbance 

capacity (ORAC) values of lipophilic extracts were poorly correlated with the beta-carotene 

contents [55].  

ANTHOCYANINS 

Anthocyanins are found mostly in flowers and fruits but also in leaves, stems and roots of 

many plants. They are water-soluble pigments that can be used as food colorants primarily in 

the beverage industry. Anthocyanins belong to a subgroup of flavonoids. Their aglycone 

structures undergo reversible transformation at different pH. They are pink in acidic solutions, 

purple in neutral solutions, and greenish or yellow in alkaline solutions [56]. There is some 

evidence that chronic diseases such as cancer and cardiovascular diseases may occur as a 

result of oxidative stress. Anthocyanins have the capacity to accept unpaired electron from 

free radicals by varying the position and type of chemical groups present on the aromatic 

rings of anthocyanin molecules [57]. Based on many animal models and human clinical trials, 

it has been suggested that anthocyanins may possess anti-inflammatory and anti-carcinogenic 

activity, prevent cardiovascular disease, control obesity, and alleviate diabetes, all of which 

actions are more or less associated with their potent antioxidant property [58-61]. 
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Sweet potato anthocyanins exist in mono- or diacylated forms of cyanidin and peonidin, 

which contribute to the high antioxidant properties of purple-fleshed sweet potato as 

compared to sweet potatoes of white, yellow, and orange flesh colors [62]. Consumption of 

purple-fleshed sweet potato beverage (400 mg anthocyanins/day) significantly decreased the 

serum level of hepatic biomarkers in healthy men with borderline hepatitis, which indicated 

that anthocyanins may have a potential capacity for protection of the liver against oxidative 

stress [63].  

 

Figure 2. Integrated putative pathways of dietary flavonoid absorption, metabolism, 

distribution, and excretion. Cited from [64] 
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TOTAL PHENOLICS 

Phenols (ArOH) are known to reduce the rates of oxidation of organic matter by transferring 

a H atom from their OH groups to the chain-carrying ROO• radicals [65]. They derive their 

antioxidant activity from the functional group consisting of one or more hydroxyls attached 

to a benzene ring. These two components form the simplest member of this class of 

compounds, phenol. Other common phenolic compounds include benzoic acids, flavonoids, 

tannins, lignins, and anthocyanins [66].  

Sweet potato cultivars found in the United States have phenolic contents ranging from 78.6 

to 181.4 mg chlorogenic acid equivalents (CAE)/100 g fresh weight [55]. 

Studies have indicated that polyphenol-rich fruits and vegetables, such as pomegranate, 

blueberry, sweet potatoes, possess several potential health-promoting functions, including 

reducing risks of cancer, heart disease, and other degenerative diseases due to polyphenol's 

potent antioxidant activity [67-69]. Several studies on polyphenols in sweet potatoes have 

been carried out. It is reported that within one cultivar, sweet potato leaves have the highest 

content of total phenolics, followed by the peel, whole roots, and the flesh [70]. Many 

researchers in Japan indicated that the water-soluble extract from sweet potato had high 

radical-scavenging activity, potential chemopreventive properties, and anti diabetes effects 

[71-73]. 
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COLOR MEASUREMENTS 

Color of each sweet potato cultivar is the integrated embodiment which determined by the 

amount of pigment components. Beta-carotene is responsible for orange and yellow pigments, 

while anthocyanin for red, orange, blue and purple pigments. The Hunter 1948 color space is 

a color-opponent space with dimension L for lightness and a and b for the color-opponent 

dimensions. However, now CIE 1976 L*, a*, b* color space is more often used as 

coordinates. The difference between Hunter and CIE color coordinates is that the CIE 

coordinates are based on a cube root transformation of the color data, while the Hunter 

coordinates are based on a square root transformation. CIE L*a*b* (CIELAB) is the most 

complete color space specified by the International Commission on Illumination. It describes 

all the colors visible to the human eye and was created to serve as a device-independent 

model to be used as a reference. The three coordinates of CIELAB represent the lightness of 

the color (L* = 0 yields black and L* = 100 indicates diffuse white; specular white may be 

higher), its position between red/magenta and green (a*, negative values indicate green while 

positive values indicate magenta) and its position between yellow and blue (b*, negative 

values indicate blue and positive values indicate yellow) [74]. 

 

 

http://en.wikipedia.org/wiki/Color_space
http://en.wikipedia.org/wiki/International_Commission_on_Illumination
http://en.wikipedia.org/wiki/Color_vision
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Abstract.  

Potential nutritional values of sweet potato is of scientific and commercial interest. Sweet 

potato is rich in nutrients like carbohydrates, protein, fiber, vitamin A, vitamin C and ranked 

highest in nutritional value among vegetables available in the United States. Depending on 

flesh color (white, yellow, orange, purple), sweet potatoes also can be a rich source of 

carotene, anthocyanins, and other phenolic compounds, which are solubilized in lipophilic or 

hydrophilic solvents.  

This study aims to investigate the compositional contents (moisture, ash, protein, fat, 

carbohydrate, fiber) of 8 different sweet potato cultivars (2 white, 2 yellow, 2 orange, 2 

purple-fleshed cultivars) and calculate their correlations with each other by principal 

component analysis. Carbohydrate amount is calculated by difference. β-carotene was 

measured by spectrophotometric method, total anthocyanins by the pH-differential method, 

and total phenolics by the Folin-Ciocalteau method. 

Dietary fiber and ash content were more highly correlated positively with Component 1 of 

the new coordinate system, while carbohydrates were more highly correlated negatively with 

it. Anthocyanins and total phenolics were more highly correlated positively with Component 

2 of the new coordinate system. Orange-fleshed sweet potato 'Evangeline' had the highest β-

carotene with 116.56 μg/g fresh weight basis (fwb), and purple-fleshed sweet potato 'Stokes' 
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had the highest total anthocyanins (63.5 mg/100g fwb) and total phenolics (307 mg 

chlorogenic acid equivalent (CAE)/100g fwb). High values of anthocyanins and total 

phenolic compounds in purple-fleshed sweet potatoes may indicate high antioxidant activity. 

These characteristics suggest that they are a healthy food for consumers, as well as a 

potential source for natural food colorants. 
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Introduction.  

Sweet potatoes (Ipomoea batatas L.) are rich in dietary fiber, minerals, vitamins, and 

antioxidants such as phenolics, anthocyanins, tocopherol and β-carotene [1]. Recent research 

on the nutraceutical properties of sweet potatoes, especially purple-fleshed sweet potatoes, 

indicated that the extracted anthocyanins exhibited strong anti-inflammatory and anti-

carcinogenic activity, cardiovascular disease prevention, obesity control, and diabetes 

alleviation properties, all of which are more or less associated with their potent antioxidant 

property [2-4]. Many researchers in Japan indicated that the water-soluble extract from sweet 

potato had high radical-scavenging activity, potential chemopreventive properties, and anti-

diabetes effects, which is highly correlated with the total phenols content [5,6]. Besides 

acting as antioxidants, β-carotene and phenolic compounds are also responsible for giving 

sweet potatoes their distinctive flesh colors (white, yellow, orange and purple). Night 

blindness is a major physiological disorder among rural and tribal people in many developing 

countries because of vitamin A deficiency [7]. Orange-fleshed sweet potatoes are an 

especially good source to prevent vitamin A deficiency in many food-deficit countries [8]. 

The worldwide consumption of sweet potato has been in a state of decline for decades. Asia 

has the largest cultivated land area (60.75%) and production (88.53%) of sweet potato in the 

world. According to the production statistic of sweet potato, there is a dramatic reduction of 

the production in China from 102 million tonnes in 2005 to 81 million tonnes in 2010 [9]. 
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However, despite the declining overall trend, due to the well-published health benefits of 

sweet potatoes, there is an interesting small rise from 75.8 million tonnes in 2007 to 81.2 

million tonnes in 2010 [9]. There are numerous different cultivars of sweet potato and new 

sweet potato cultivars with deep purple flesh colors were developed in Japan several years 

ago to meet a growing demand in the health food markets [10].  

The objectives of this study were to measure the nutrient composition of 8 different sweet 

potato cultivars as well as the pigment components to see the difference among cultivars and 

to choose the best sweet potato cultivar to aid in marketing sweet potatoes to consumers with 

health concerns.  
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Materials and Methods 

Reagents. Folin–Ciocalteau reagent, and chlorogenic acid, were obtained from Sigma–

Aldrich (St. Louis, MO). Methanol, hexane, acetone and all the other reagents were of 

analytical grades from Fisher Scientific (Fair Lawn, NJ). 

Instrumentation. Precision Drying Oven (Chicago, IL) was used to test the moisture content 

of sweet potato samples. Muffle furnace from Barnstead Thermolyne (Dubuque, IA) was 

used to test the ash content. Cary 300Bio UV-Visible spectrophotometer was manufactured 

by Varian (Cary, NC). D25/DP9000 Tristimulus Colorimeter (Hunter Associate Laboratories 

Inc., Reston, VA) was used to do the Hunter color measurement. 

Materials. Eight different sweet potato cultivars that have orange, yellow, purple, and white 

pigmentation were analyzed. Bonita, O' Henry, Japanese, Covington, Evangeline were 

provided by the NC State University Horticulture Department sweet potato breeding program; 

Okinawa was purchased from Calavo Growers, Inc. (Santa Paula, CA) on Nov 18th, 2011. 

Stokes and Murisaki were purchased from Jones Farms (Bailey, NC) on Nov 18th and Dec 

1st, 2011. The flesh color of these cultivars is shown in Table 1. 
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Table 1. The flesh colors of eight sweet potato cultivars. 

Flesh color Cultivar  

Orange Evangeline, Covington 

Yellow Japanese, Bonita 

White Murisaki, O'Henry 

Purple Stokes, Okinawa 

 

Sample Preparation. Sweet potatoes (11.3 kg per cultivar at one time) were washed 

thoroughly and baked in the oven at 400 °F (204 °C) for 2 hrs. They were wrapped in 

aluminum foil with 3 to 4 sweet potatoes per pack and placed in 2 pans that were rotated in 

the oven locations every 30 min. Larger potatoes that did not have a soft texture after 2 hr 

were returned to the oven for additional baking time. 

After baking, the flesh and peel or skin were separated, the total skin and total flesh of each 

cultivar were weighed, the skin fractions were discarded, and the flesh was mashed by hand 

until a consistent and homogeneous mixture was obtained. 

Aliquots of approximately 5g of each sample were moved to 4 50-mL tubes for β-carotene, 

total phenolics and anthocyanins analysis. The remaining material of each cultivar was 

aliquotted in portions of approximately 1 cup (0.24L) to a 7-in x 5-in zipper bag (17.8 x 12.7 

cm) for later use (~30 bags per cultivar) and placed in several large containers in a -20 °C 

freezer. 

Proximate Analysis. A sample from each cultivar was sent to Microbac Laboratories Inc., 

Warrendale, PA, for analysis of crude fiber, dietary fiber, protein and fat.  Moisture and ash 

were analyzed in our laboratory and carbohydrate was calculated by difference. Moisture 
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content was determined by weight loss of a 10-g sample after drying in an oven at 70 ℃ for 6 

hr and then at a higher temperature of 105 ℃ for 18 hrs. Ash content was determined by the 

weight loss of 10-g dried samples ashed in a muffle furnace for 5 hr at 525 °C (977 °F). 

β-carotene analysis. Sweet potato flesh (5 g) was mixed with approximately 25 mL of 

methanol for 1 min reaction and then tissumized for 1 min. The mixture was filtered under 

vacuum through a funnel with a fritted disk. A hexane–acetone (1:1) mixture (50 ml) was 

added and stirred, filtered again with repeated addition the hexane–acetone (1:1) mixture 

until the filter cake turned white. The residue in the funnel was washed two more times with 

25 mL of methanol and then by 50 mL of the hexane–acetone mixture. All of the extracts 

were combined in a 250 mL separatory funnel and washed with water. A few drops of 

saturated sodium chloride solution were added to the funnel to facilitate phase separation. 

The aqueous phase was discarded and the upper layer was transferred to a 50-mL volumetric 

flask and made to volume with hexane [11]. Samples were stored in dark vials at -80 ℃ until 

analysis.  

β-carotene (μg/mL) = A / (e * 10
-4

) * DF, 

where e = 2592 is the molar absorptivity of β-carotene, and DF is the dilution factor. 

Total anthocyanin assay. Total anthocyanin contents of the hydrophilic extracts were 

measured by the pH-differential method described by Rodriguez-Saona et al. (2001) [12]. 

Samples were diluted with two different solutions: potassium chloride (0.025 M), pH 1.0; 

and sodium acetate (0.4 M), pH 4.5. The pH was adjusted with concentrated hydrochloric 
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acid. Samples were diluted to give an absorbance at 530 nm of <1.2, 0.5 mL sample + 2 mL 

KCl/CH3COONa. Diluted samples were held for 15 min before measuring the absorbance. 

The absorbance was measured at 530 nm and 700 nm with distilled water as a blank. The 

absorbance difference between the pH 1.0 and pH 4.5 samples was calculated: 

A = (A530 nm - A700 nm)pH 1:0 - (A530 nm - A700 nm)pH 4:5 

The monomeric anthocyanin pigment concentration was calculated using the following 

equation:  

Monomeric anthocyanin pigment (mg/L) = (A × MW × DF × 1000)/(e*l)  

MW = 449.2 and e = 26,900 are, respectively, molecular weight and molar absorptivity of 

cyanidin-3-glucoside, which was used as a standard; DF is the dilution factor; l is the path 

length. The total monomeric anthocyanins were reported as mg anthocyanins per 100 g fresh 

weight (mg anthocyanins/100 g fw). 

Total phenolic assay. Total phenolic content was measured using the modified Folin–

Ciocalteu method [13]. The hydrophilic extract (0.25 mL) was diluted with 4 mL distilled 

water, to which 0.25 mL of the 0.25 N Folin–Ciocalteau reagent was added and allowed to 

react at room temperature for 3 min. A 0.5 mL portion of 1 N sodium carbonate was added, 

and the mixture was incubated at room temperature for 1 h. The absorbance was measured at 

725 nm by the spectrophotometer using 4.25 mL distilled water with 0.25 mL Folin–

Ciocalteau reagent and 0.5 mL of 1 N sodium carbonate as a blank.  
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Chlorogenic acid was used as standards and the results were reported as mg chlorogenic acid 

equivalents per gram fresh weight of sample.  

L*A*B* color analysis. Sweet potato samples were filled into a 35 mm Petri dish for color 

analysis, 2 dishes per cultivar. Bubbles and impurities were removed to make sure the sweet 

potato flesh was consistent and homogeneous. The colorimeter was calibrated against a 

standard white and black tile. Sample measurements were taken at 2 different locations, L*, 

a*, b* readings were obtained and recorded. Averages of these readings are reported. 

Statistical Analysis. Statistics were performed to examine the relationships among the 

compositional components in sweet potatoes. Correlation analysis and principal component 

analysis (PCA) were used to reveal the relationships among each component. All statistics 

were performed using JMP 9.0 (SAS substitute, Cary, NC). P-values less than 0.05 were 

considered statistically significant. 

Results and Discussion 

Proximate Analysis. Sweet potatoes were analyzed for macro nutrients and related 

compounds in order to calculate carbohydrate content by difference [14]. As shown in Figure 

1, Covington, O'Henry, and Evangeline had the highest moisture content, which was 77.80 ± 

0.21%, 76.74 ± 0.21%, 75.05 ± 0.09%, respectively, and Okinawa had the lowest value of 

55.49 ± 0.70%. Significant difference was detected among eight cultivars (P < 0.0001). 

Moisture content was used to calculate the dry matter (DM) for better comparison among the 

cultivars. 
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Figure 1. Moisture content (g/100g) of each sweet potato cultivar. Data bars are means ± 

standard deviation (N=3, P < 0.0001). Levels not connected by same letter are significantly 

different. 

 

Ash content ranged from 1.02 ± 0.02% (Okinawa) to 1.57 ± 0.04% (Covington), Significant 

difference was detected among eight cultivars as shown in Figure 2 below (P=0.0001).  
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Figure 2. Ash content (g/100g) of each sweet potato cultivar. Data bars are means ± standard 

deviation (N=3, P=0.0001). Levels not connected by same letter are significantly different. 

 

Crude Fiber, Dietary Fiber, Fat and Protein content were analyzed by Microbac Laboratories 

Inc. in Dec 2011. Fat analysis was by Mojonnier method and protein factor was 6.25 times 

the nitrogen content. Sample analysis is reported in percentage of whole or grams per 100 

gram wet weight as shown in Figure 3. Bonita had the highest crude fiber (1.3%) and dietary 

fiber values(2.96%). Murisaki had the highest fat value (0.25%), Stokes had the highest value 

of protein, 3.03%. 
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Table  2. Crude Fiber, Dietary Fiber, Fat and Protein content (%, g/100g fwb) of each sweet 

potato cultivar. 

Sample Crude Fiber Dietary Fiber Fat Protein 

Stokes 1.2 2.21 0.18 3.03 

Evangeline 1.3 2.30 <0.1 1.49 

Okinawa 1.2 1.75 0.18 1.48 

Japanese 0.9 2.00 0.13 1.40 

Murisaki 1.2 1.79 0.25 1.61 

Bonita 1.3 2.96 0.16 1.53 

O'Henry 0.9 1.83 0.19 1.25 

Covington 1.1 2.61 0.17 1.58 

 

Crude fiber (CF) is a major component of plant cell walls, including ingredients such as 

cellulose, hemicellulose, lignin and cutin. It is the residue of plant food left after extraction 

with dilute acid or dilute alkali [15]. Dietary fiber (DF) was defined as a composite mixture 

of remnants of plant cells, polysaccharides, lignin and associated substances resistant to 

hydrolysis (digestion) by the alimentary enzymes of humans. DF can be divided into soluble 

dietary fiber (SDF), such as pectin, mucins, and some of hemicellulose and insoluble dietary 

fiber (ISF), such as cellulose and lignin. Therefore, the values of DF are always higher than 

CF. Correlation of crude fiber and dietary fiber was tested to see if the lower cost crude fiber 

measurement could be a proxy for the total dietary fiber in the future studies. However, there 

was not a good correlation between the crude fiber and dietary fiber as shown in Figure 4 

(R
2
=0.183).  



 

44 

 

Figure 3. Relationship between dietary fiber and crude fiber analyzed in 8 sweet potato 

cultivars. 

 

β-carotene content. Orange-fleshed sweet potatoes had the highest β-carotene content 

among the 8 cultivars of sweet potato. Evangeline, which is deep orange-colored, had the 

highest β-carotene content with 116.56 μg/g fresh weight basis (fwb) (Figure 5). Covington, 

which is light orange-colored, had the second highest β-carotene content with 72.73 μg/g fwb. 

On the other hand, Okinawa, the purple-fleshed sweet potato had the lowest β-carotene 

content with 0.19 μg/g fwb.  

Teow and his group (2006) analyzed the β-carotene content in 19 sweet potato genotypes 

with distinctive flesh color and also observed a wide range of β-carotene contents, ranging 

from 0.19 to 228 μg/g fwb. Thermal processing had a negative impact on carotenoid of all 

the cultivars [16]. HPLC is more often used to evaluate the total carotenoid contents than 

absorption spectrophotometry, because HPLC can also analyze the composition of carotenoid. 
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HPLC and spectrophotometric methods were reported with high correlation and no 

significant difference [17].  

The β-carotene content varies widely with fruits and vegetables. Carrots, green peppers, 

spinach, red palm oil, sweet potatoes, and tomatoes were reported as the foods with relatively 

high β-carotene content [18,19]. Carrots may contain 1161-64350 μg/100 g, spinach 840-

24070 μg/100 g, sweet potato 10-22680 μg/100 g of β-carotene [20]. In developed countries, 

70–90% of carotenoid intake comes from fruit and vegetable consumption and provides 

about 25–35% of the total vitamin A intake, whereas in developing countries this 

contribution can reach up to 82% [21]. 

 

Figure 4. β-carotene content of each sweet potato cultivar. Data bars are means ± standard 

deviation (N=2, P<0.0001). Levels not connected by same letter are significantly different. 
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Total Anthocyanin Content. The total anthocyanin content among 8 sweet potato cultivars 

varied more than 100 fold, with a range from 0 to 63.5 mg/100g sample fwb (Figure 6). 

Among all the cultivars, the purple fleshed sweet potatoes, Stokes and Okinawa, had much 

higher levels of total anthocyanin content than other cultivars, measuring 63.5 and 30.0 

mg/100g fwb respectively. Orange-fleshed cultivars, Covington and Evangeline had 

undetectable anthocyanins content. Cisneros-Zevallos and Cevallos-Casals (2003) reported 

that the anthocyanin content of red-fleshed sweetpotato was 182 mg anthocyanin/100 g fwb 

[22]. Teow et al. (2007) reported that the total anthocyanins content of the samples ranged 

from 1.32 to 113 mg/ 100 g sample fwb, and the purple-fleshed sweet potato NC 415 had the 

highest anthocyanins content. Raspberry, blueberry and red grape had 365, 558, 888 mg/ 100 

g anthocyanins respectively [23]. These results suggested that fruits and vegetables with 

intense purple and red colors normally have higher anthocyanin levels.  
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Figure 5. Total Anthocyanin content of each sweet potato cultivar. Data bars are means ± 

standard deviation(N=4, P<0.0001). Levels not connected by same letter are significantly 

different. 

 

Total Phenolic Content. The total phenolic content was the highest, 307.29 mg chlorogenic 

acid equivalent (CAE) /100g fwb, for Stokes (purple-fleshed) and lowest, 26.94 mg 

CAE/100g fwb for Bonita (yellow-fleshed) (Figure 8). Among the 8 sweet potato cultivars, 

only purple-fleshed cultivars had relatively high total phenolic content; the other orange, 

yellow, and white-fleshed cultivars were low in total phenolic content. Difference among 

cultivars is significant (P < 0.0001). The amounts of total phenolics of purple-fleshed 

cultivars were lower than the reported values by Truong [24]. They reported the total 

phenolics for cooked flesh of Stokes and Okinawa as 592mg CAE/100g fwb and 595mg 

CAE/100g fwb, respectively [24]. Teow et al. [23] analyzed 19 cultivars of sweet potato and 

found that the total phenolic contents ranged from 1.1 to 94.9 mg CAE/100g fwb. Purple-
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fleshed sweet potato clones had the highest total phenolic content followed by orange, yellow 

and white-fleshed clones, respectively. The total phenolic contents were highly correlated 

with the hydrophilic-ORAC (R
2
 = 0.937) and DPPH (R

2
 = 0.820) values. The change in 

phenolics during processing is likely due to a combination of leaching into water, 

degradation from the effects of heat, oxidation by polyphenol oxidase, and isomerization [25]. 

 

Figure 6. Total phenolic content of each sweet potato cultivar. Data bars are means ± 

standard deviation (N=2, P<0.0001). Levels not connected by same letter are significantly 

different. 

 

Color Analysis 

The difference in pigment content between samples is reflected in the Hunter L*a*b* values 

and summarized in Table 2. Differences for each coordinate among the samples are 
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significant (p<0.05). L* is a lightness index and ranges from 0-100 with 0 representing black 

and 100 representing white. The yellow-fleshed cultivars, 'Japanese' and 'Bonita' had the 

highest L* value/lightest flesh color, while the purple-fleshed cultivars 'Stokes' and 'Okinawa' 

had the lowest L* value/darkest flesh color. The a* indicates the color's position between 

green and red with negative values representing green and positive values representing red. 

The orange-fleshed cultivar 'Evangeline' had the most reddish color and the white-fleshed 

cultivar 'Murisaki' had the most greenish color. The b* indicates the color's position between 

blue and yellow with negative values representing blue and positive values representing 

yellow. The b* values for the purple-fleshed cultivars 'Stokes' and 'Okinawa' were -11.9 and -

11.5 respectively, indicating that they were more intense in blue. 

Table 3. Color data for eight cultivars of sweet potato samples. Values reported are averages 

± standard deviation. Means with different letters differed significantly (p<0.05). N=4. 

Sample L* a* b* 

Covington 56.7±0.1
e
 22.9±0.2

b
 55.9±0.1

b
 

Evangeline 54.5±0.2
f
 27.6±0.2

a
 57.0±0.3

a
 

Japanese 69.4±0.1
a
 -1.5±0.1

e
 37.4±0.3

d
 

O'Henry 64.1±0.1
c
 -2.4±0.4

f
 38.1±0.3

c
 

Bonita 64.8±0.4
b
 -0.5±0.4

d
 33.9±0.1

e
 

Murisaki 60.3±0.4
d
 -4.3±0.4

g
 32.0±0.4

f
 

Stokes 21.2±0.1
g
 22.3±0.2

b
 -11.9±0.2

g
 

Okinawa 12.4±0.4
h
 9.4±0.2

c
 -11.5±0.1

g
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Summary.  

PCA was used to investigate the relationship among all the components. As shown in Figure 

9, dietary fiber and ash content were more highly correlated positively with Component 1 of 

the new coordinate system, while carbohydrate was more highly correlated negatively with it. 

Anthocyanins and total phenolics were more highly correlated positively with Component 2 

of the new coordinate system. The variable that showed least contribution to overall variance 

was fat. 

 

Figure 7.  Principal component analysis diagram of variation in the compositional data set 

for 8 cultivars of sweet potato. 
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Purple-fleshed sweet potatoes have nutraceutical components that are competitive with other 

food commodities known to be good sources of antioxidants. They are rich in phenolic and 

anthocyanin as well as protein content. However, the results were only based on a limited 

number of sweet potato cultivars. Whether all purple-fleshed sweet potatoes of different 

varieties would also demonstrate high values of these components remains unknown. So 

future work needs to focus on more different cultivars. 
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Appendix Table 1. Raw data of moisture and ash content of eight cultivars of sweet potato. 

Values reported in percentage with three reduplications. 

Sample Moisture% Ash% 

Evangeline1 75.1  1.1  

Evangeline2 75.2  1.2  

Evangeline3 74.8  1.2  

Covington1 77.9  1.7  

Covington2 77.7  1.7  

Covington3 77.8  1.3  

Okinawa1 55.0  1.0  

Okinawa2 55.1  1.0  

Okinawa3 56.3  1.0  

Stokes1 67.1  1.5  

Stokes2 67.0  1.4  

Stokes3 66.9  1.3  

Bonita1 71.6  1.3  

Bonita2 71.9  1.3  

Bonita3 71.1  1.4  

Japanese1 62.9  1.3  

Japanese2 62.4  1.2  

Japanese3 62.3  1.2  

O'Henry1 77.0  1.1  

O'Henry2 76.5  1.1  

O'Henry3 76.7  1.1  

Murisaki1 65.1  1.2  

Murisaki2 65.0  1.3  

Murisaki3 65.4  1.3  
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Appendix Table 2. Raw data of β-carotene (N=2), total phenolics (N=2) and anthocyanin 

content (N=4) of eight cultivars of sweet potato. 

Sample 
β-carotene 

(μg/g) 

Total phenolics 

(mg/100g) 

Anthocyanin 

(mg/100g) 

Covington1 73.0 51.4 -6.2 -0.6 

Covington2 72.4 70.4 -2.7 12.4 

Evangeline1 117.4 58.7 -10.4 -7.4 

Evangeline2 115.7 76.7 3.4 5.8 

Stokes1 1.6 315.0 623.2 666.1 

Stokes2 1.4 299.6 652.3 700.1 

Okinawa1 0.2 282.7 302.4 322.5 

Okinawa2 0.2 279.3 279.5 343.3 

Japanese1 1.8 63.8 37.4 3.9 

Japanese2 1.6 92.4 4.8 8.2 

O'Henry1 1.7 34.1 3.4 10.2 

O'Henry2 2.1 33.6 10.0 10.2 

Murisaki1 2.5 46.5 23.2 21.0 

Murisaki2 2.5 47.7 12.1 12.2 

Bonita1 0.4 31.6 27.6 17.0 

Bonita2 1.3 21.4 18.2 52.4 
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Appendix Table 3. Component analysis of 8 sweet potato cultivars on wet weight basis. All 

data were reported as percentage. 

Sample 

Crude 

Fiber 

Dietary 

Fiber  

Fat Protein Moisture Ash CHO %DM 

Stokes 1.2 2.21 0.18 3.03 66.98 1.4 26.2 33.02 

Evangeline 1.3 2.3 0.1 1.49 75.05 1.16 19.9 24.95 

Okinawa 1.2 1.75 0.18 1.48 55.49 1.02 40.08 44.51 

Japanese 0.9 2 0.13 1.4 62.53 1.26 32.68 37.47 

Murisaki 1.2 1.79 0.25 1.61 65.19 1.25 29.91 34.81 

Bonita 1.3 2.96 0.16 1.53 71.52 1.33 22.5 28.48 

O'Henry 0.9 1.83 0.19 1.25 76.74 1.1 18.89 23.26 

Covington 1.1 2.61 0.17 1.58 77.8 1.57 16.27 22.2 
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Appendix Table 4. Component analysis of 8 sweet potato cultivars on dry matter basis. All 

data were reported as percentage. 

Sample 

Crude 

Fiber 

Dietary 

Fiber  

Fat Protein Ash CHO 

Stokes 3.63 6.69 0.55 9.18 4.24 79.35 

Evangeline 5.21 9.22 0.40 5.97 4.65 79.76 

Okinawa 2.70 3.93 0.40 3.33 2.29 90.05 

Japanese 3.48 7.00 0.38 5.86 4.50 87.22 

Murisaki 2.40 5.34 0.35 3.74 3.36 85.92 

Bonita 3.45 5.14 0.72 4.63 3.59 79.00 

O'Henry 4.56 10.39 0.56 5.37 4.67 81.21 

Covington 3.87 7.87 0.82 5.37 4.73 73.29 
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Appendix Table 5. Pigment analysis of 8 sweet potato cultivars on wet weight basis. 

Sample Flesh color β-carotene 

(μg/g) 

Total Anthocyanin 

(mg/100g) 

Total Phenolic 

(mg/100g) 

Stokes purple 1.54
c,d

 63.50
a
 307.29

a
 

Evangeline orange 116.56
a
 0.00

c
 67.70

b,c
 

Okinawa purple 0.19
d
 29.99

b
 280.97

a
 

Japanese yellow 1.67
c,d

 1.35
c
 79.95

b
 

Murisaki white 2.49
c
 1.71

c
 47.13

b,c
 

Bonita yellow 0.89
c,d

 2.81
c
 26.94

c
 

O'Henry white 1.88
c,d

 0.84
c
 34.19

c
 

Covington orange 72.73
b
 0.00

c
 61.60

b,c
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Appendix Table 6. Pigment analysis of 8 sweet potato cultivars on dry matter basis. 

Sample Flesh color β-carotene 

(μg/g) 

Total Anthocyanin 

(mg/g) 

Total Phenolic 

(mg/g) 

Stokes purple 4.65
c,d

 19.23
a
 9.31

a
 

Evangeline orange 467.17
a
 0.00

c
 2.71

b,c
 

Okinawa purple 0.43
 d
 6.74

b
 6.31

a
 

Japanese yellow 4.46
c,d

 0.36
c
 2.13

b
 

Murisaki white 7.16
c
 0.49

c
 1.35

b,c
 

Bonita yellow 3.13
c,d

 0.99
c 
 0.95

c
 

O'Henry white 1.88
c,d

 0.08
c
 0.34

c
 

Covington orange 72.73
b
 0.00

c
 0.62

b,c
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CHAPTER 3: 

Glycemic Response, Glycemic Index, Insulin release from Various Sweet Potato 

Cultivars 

 

 

 

 

 

 

 



 

64 

Abstract  

It is increasingly recognized by the public that dietary control of postprandial glycemic 

responses is important to prevent or manage diabetes-related diseases. High glycemic load 

diet is a risk factor for type 2 diabetes, while low glycemic index (GI) foods that may 

maintain steady blood glucose levels and aid in the control of diabetes are recommended by 

scientists. The website of the N.C. SweetPotato Commission lists the GI of sweet potato (63 

to 66) to support this crop as a recommended food for diabetics. A study in Jamaica listed the 

GI for ten Jamaican sweet potato cultivars with different processing methods, ranging from 

41 to 94. 

This study aims to 1) investigate GI of different cultivars of sweet potatoes; 2) determine 

how the GI is impacted by specific plant components; 3) study the relationship between 

insulin levels and GI values; 4) aid in marketing sweet potatoes to consumers with health 

concerns.  

Fourteen volunteers were recruited for this glycemic index study. Sweet potato samples or 

glucose drinks that containing approximately 50 g glucose were provided in each sessions. 

Blood glucose levels were tested by finger pricks at 0, 15, 30, 45, 60, 90 and 120 minutes. 

Additional 400-500-μL samples were collected at the fasting, 60 and 120-min time points for 

analysis of insulin. 

The mean BMI of ten participants who completed this study was 24.13 ± 2.15 kg/m
2
. The 

normalized GI was lowest, 65.8 ±22.86, for Stokes (purple-fleshed) and highest, 80.0 ± 18.14, 

for O'Henry (white-fleshed). There were no significant differences of normalized GI among 
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eight sweet potato cultivars (P = 0.780), and no correlation between any of the pigment 

components (β-carotene, anthocyanins, total phenols) and normalized GI was found. 

Occasion effect (P = 0.828) and insulin release (P = 0.934) both did not impact normalized 

GI significantly. 
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Introduction 

The concept of Glycemic Index (GI) was introduced in early 1981 as a method for 

classifying food carbohydrates according to their immediate effects on blood glucose levels 

[1]. High GI foods are characterized by fast-release carbohydrate and higher blood glucose 

levels, resulting in greater insulin demand. Hyperinsulinemia is a characteristic condition of 

insulin resistance and hyperinsulinemia may be one of the promoting factors for obesity, 

diabetes, and heart disease [2,3]. Epidemiological evidence suggests direct associations 

between GI and risk of diabetes as well as CHD and obesity [4-6].  

Among dietary components, carbohydrates have attracted much attention as a significant risk 

factor. However, different types of carbohydrate produce varying glycemic and insulinemic 

responses. Low glycemic index foods, characterized by slowly absorbed carbohydrates, have 

been shown in some studies to produce beneficial effects on glucose control, 

hyperinsulinemia, insulin resistance, blood lipids and satiety [7-10].  

Sweet potato may be beneficial to persons with type 2 diabetes, resulting from the high fiber 

content, which could aid in stabilizing blood sugar levels and reduce insulin resistance. 

Sweet potato is also rich in antioxidants, such as beta-carotene, anthocyanin, phenolics, 

vitamin C and E, which contribute to capturing free radicals and reducing damage from an 

immune response. However, little information is available on the glycemic indices of 

different genetic varieties of sweet potatoes and their impact on blood glucose and glycemic 

response after consumption. 
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Therefore, the present study was undertaken to investigate the effect of different sweet potato 

cultivars on the GI and glycemic responses.  
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Materials and Methods  

Reagents. Fisher brand Sun-Dex Glucose Tolerance Test Beverages were purchased from 

Fisher HealthCare (Houston, TX). Each battle supplied 50 g of glucose in a volume of 150 

mL. Insulin ELISA assay kits were manufactured by Mercodia (Sweden, ALPCO 

Diagnostics, Windham, NH). 

Instrumentation. Blood glucose response levels were obtained using Therasense Freestyle 

Glucometers (Alameda, CA). Self retracting safety lancets (Arta Plast AB, Fisher HealthCare, 

Houston, TX) used to obtain blood samples were purchased from Fisher. Insulin levels were 

analyzed on microwell plates and read on a Thermo Electron Corporation Multiskan MCC 

microplate reader (Shanghai, China). 

Participants. Eligibility to participate in this study required willingness to adhere to the 

research protocol and absence of any chronic diseases. Participants were recruited by direct 

requests and emails to the North Carolina State University (NCSU) Food Science 

Department. Volunteers were all considered normal for research purposes. The study began 

on February 8, 2012 and ended on May 8, 2012 when 10 healthy volunteers completed the 

study. A consent form approved by the NCSU Institutional Review Board was signed by 

each volunteer. Financial compensation was provided for the time subjects participated in the 

study. A questionnaire covering age, gender, medical history, medications, allergic reaction, 

cigarette/alcohol use and daily exercise was used to screen potential volunteers. Body Mass 

Index (BMI) kg/m
2
 was calculated from height and weight based on volunteer recall. 
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Glycemic Index Trial. The subjects were required to come to the lab between 7:00am - 

9:00am in a fasted state (at least 8 hours since the last food intake). They were asked to 

complete a form including a food questionnaire about what they ate during the previous day 

of each session, and questions on any recent illness. Either the glucose drink or a sample 

from one of the eight sweet potato cultivars was warmed for one minute in a microwave oven 

on the day they were needed for each volunteer. A fasting blood sample of 400-500 μL was 

obtained by finger stick and a portion was immediately measured for blood glucose using a 

hand-held glucometer. Blood glucose concentration was used to determine glycemic 

response to the carbohydrate source. Approximately 20μL of blood from a finger stick was 

tested for blood glucose at 15, 30, 45, 60, 90 and 120 minutes after the beginning of ingestion 

of 50 g of carbohydrate. Additional 400-500-μL samples were collected at the 60 and 120 -

min time points for separation of serum and later analysis of insulin. All participants 

consumed each food sample on two different occasions for improved statistical accuracy. 

Glycemic Index Analysis. The glycemic index of sweet potato was defined as the 

incremental area under the two-hour blood glucose response curve following at least 8 hr 

fasting and ingestion of a sample of a certain sweet potato cultivar containing approximately 

50 g of carbohydrate. The incremental areas under the curve (AUC), excluding the area 

beneath the fasting level, were calculated using Microsoft Excel using the trapezoidal rule.  

GI = AUCsample per g of CHO consumed / AUCglucose per g of CHO consumed ×100%, where 

sample refers to the warmed, baked sweet potato of each cultivar, and glucose refers to the 

trial when the glucose drink was consumed. 

http://en.wikipedia.org/wiki/Area_under_the_curve


 

70 

Glucose responses were graphed for each individual using Microsoft Excel. 

Insulin ELISA. The ALPCO Insulin ELISA is a sandwich type immunoassay. The 96-well 

microplate is coated with a monoclonal antibody specific for insulin. The intensity of the 

color generated is directly proportional to the amount of insulin in the sample. 

Reagent preparation: Diabetes Controls (Level 1 and 2) were provided in a lyophilized form. 

Each control sample was diluted with 0.6 mL of deionized water. Vials were capped with the 

rubber stoppers, then gently swirled and allowed to stand for 30 min prior to use. The 

reconstituted controls were stable for 7 days stored at 2 to 8 ℃. Washer Buffer was diluted 

with 20 parts deionized water to make a working strength wash buffer that was stable for 30 

days at room temperature (18 to 25 ℃). 

Assay procedure: Each standard, reconstituted Control, and blood sample was pipetted into 

their respective wells in 25-μL aliquots. Detection antibody (100μL of horseradish 

peroxidase enzyme-labled monoclonal antibody) was added to each well. The microplate was 

covered by a plate sealer and incubated for 1 hour, shaking at 700-900 rpm on a reciprocal 

microplate shaker at room temperature (18 - 25 ℃). After incubation, the contents of the 

wells were decanted, and the wells were washed 6 times with at least 350μL of Working 

Strength Wash Buffer. Then 100μL of tetramethyl benzidine (TMB) substrate was pipetted 

into each well. Again the microplate was covered by a plate sealer and incubated for 1 hour, 

shaking at 700 - 900 rpm on a microplate shaker at room temperature (18 to 25 ℃). Finally, 

100μL of a dilute acid stop solution was added into each well to stop the reaction. Bubbles, if 

present, were removed and absorbance at 450 nm with a reference wavelength of 620 - 650 
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nm was measured within 30 min following the addition of the stop solution using a  

microplate reader (Multiskan EX, Thermo Electron Corp., Vantaa, Finland).  

Statistical Analysis. Statistics were performed to examine the relationships among the 

glycemic indices in sweet potatoes. The glycemic index for all cultivars in each subject was 

analyzed by two-way analysis of variance. Correlation analysis and principal component 

analysis (PCA) were used to reveal which components contribute most to the difference of 

GI. All statistics were performed using JMP 9.0 (SAS substitute, Cary, NC). P-values less 

than 0.05 were considered statistically significant. 

Results and Discussion. 

Subject Description. Participants completed health history questionnaires regarding health 

condition, medication usage, allergy history, smoking and alcohol drinking habits, and 

regular exercise. Subjects were recruited by email and poster announcements among the 

NCSU Food, Bioprocessing and Nutrition Sciences Department student and staff population. 

Fourteen volunteers were chosen to begin this study, six male and eight female. All were 

non-diabetic and considered normal for the purposes of the study. Ten participants completed 

the entire study, five male and five female. Participants were not screened for high or low 

carbohydrate intake or source, but they were required to completed a record what they 

remembered eating the day before each session. The average age of the final 10 participants 

was 24 ± 6 years, ranging from twenty to forty. Body mass index (BMI) was calculated from 

the weights and heights. The average weight among volunteers was 74 ± 12 kg (164 ± 27 lb) 

and height was 1.75 ± .10 M (69 ± 4 inches). The mean BMI among participants was 24.13 ± 
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2.15 kg/m
2
, which is considered a healthy BMI [11]. No participants reported that they 

currently smoked, and they all had agreed to avoid drinking alcohol 24 hours before each 

session. 

Proximate Composition of Sweet Potatoes. Sweet potatoes were analyzed for macro 

nutrients and compounds in order to calculate carbohydrate content by difference [12]. Data 

are listed in Chapter 2 (Table 2). However, the serving size to supply 50 g of carbohydrate 

was overestimated when we calculated the carbohydrate amount. Initially, the independent 

measurements for crude fiber and dietary fiber were combined for a total fiber quantity that 

was used in the calculation of carbohydrate and the serving sizes for each cultivar estimated 

to contain 50 g of carbohydrate. Upon further investigation, we determined that the 

components measured in crude fiber are also contained in the measurement of dietary fiber 

[13]. Therefore, we recalculated the amount of carbohydrate fed in the glycemic response 

trial as follows: 

Actual CHO% = 100% - (Dietary Fiber% + Fat% + Protein% + Moisture% +Ash%); 

and, CHO consumed = Actual CHO% x serving size consumed (Table 3.) 

To calculate the glycemic index from this experiment in a way that would be comparable 

with previous literature, we used the following equation for each cultivar and each subject: 

Glycemic Index = 100 x ((Glycemic response AUC)/g CHO consumed)SP cultivar trial/ 

((Glycemic Response AUC)/ g Glucose consumed)glucose drink trial 
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Table 1. Carbohydrate content (%), intake, and serving size (g) of eight sweet potato 

cultivars, and correction (%) relative to the planned intake of 50 g of carbohydrate.  

Sample CHO% 

Serving         

size(g) 

Actual CHO 

intake(g) 

Correction% 

Stokes 26.2 200 52.4 4.80 

Evangeline 19.9 269 53.5 6.99 

Okinawa 40.08 129 51.5 3.09 

Japanese 32.68 157 51.4 2.83 

Murisaki 29.91 174 52.1 4.18 

Bonita 22.5 236 53.0 6.13 

O'Henry 18.89 278 52.5 5.00 

Covington 16.27 330 53.6 7.25 

Glucose Drink 17.64 283.5 50 0.00 

 

Glucose Response. Blood glucose was measured at fasting and 15, 30, 45, 60, 90 and 120 

minutes after the beginning of ingestion of sweet potato or glucose. Normalized glucose 

response of eight sweet potato cultivars within 2 hours was drawn and analyzed (Figure 1).  
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Table 2 shows the calculated normalized glycemic index for each cultivar. Glucose was 

given the value of 100. Stokes and Covington can be classified as moderate (56 to 69) GI 

food, and the rest of cultivars as high (70 to 100) GI food. The two-way ANOVA analysis of 

subjects and cultivars indicated that there was significant difference among subjects (P < 

0.0001), but no significant difference in normalized glycemic indices calculated from 

subjects among eight cultivars (P= 0.510). 

Since each cultivar was tested on two different occasions, another One-way ANOVA 

analysis was used to see if the occasions affect the normalized GI values. The result showed 

that there was no difference between the normalized GI in occasion 1 and those in occasion 2 

(P = 0.828). 
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Figure 1. Mean normalized glucose response from participants consuming samples of eight 

sweet potato cultivars.  
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Table 2. Calculated normalized Glycemic Indices of eight sweet potato cultivars with 

standard deviation and standard error. 

 

Sample GI SD SEM 

Stokes 65.8 22.86 7.23 

Evangeline 75.8 25.28 7.99 

Okinawa 76.4 31.36 9.92 

Japanese 79.8 21.50 6.80 

Murisaki 74.4 16.63 5.26 

Bonita 74.3 28.76 9.09 

O'Henry 80.0 18.14 5.74 

Covington 66.0 12.91 4.08 

 

Eight sweet potato cultivars came from four different color groups, Purple (Stokes, Okinawa), 

Orange (Evangeline, Covington), White (Murisaki, O'Henry) and Yellow (Bonita, Japanese). 

One-way ANOVA analysis of GI by color indicated that the mean normalized GI of orange, 

purple, white and yellow was 70.9, 71.1, 77.2 and 77.0 respectively. There was no significant 

difference of normalized GI values between the four flesh-color groups (P = 0.699). 
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Correlation analysis of pigment components (β-carotene, Anthocyanins, total phenols) and 

GI of each cultivar were carried out to investigate their relationship. Our hypothesis was that 

pigment components may have a positive effect on GI of sweet potatoes. However, Figure 2 

to 4 show that β-carotene, anthocyanins and total phenols were not correlated with 

normalized GI. 

 

 

Figure 2. Relationship between β-carotene and the normalized Glycemic Index of 8 sweet 

potato cultivars. 
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Figure 3. Relationship between Anthocyanins and the normalized Glycemic Index of 8 sweet 

potato cultivars. 

 

 

Figure 4. Relationship between total phenols and the normalized Glycemic Index of 8 sweet 

potato cultivars. 
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Correlation analysis and Principal component analysis (PCA) were used to reveal the 

relationships among all chemical components, subject parameters, and normalized GI. Table 

3 and Figure 5 show that GI was not correlated well with any other component or factor. 

Carbohydrate and moisture amount were highly negatively correlated, while anthocyanins 

and total phenols, protein and anthocyanins were well positively correlated. 

 

Table 3. Correlation analysis chart of potential factors of GI and the normalized GI of 8 

sweet potato cultivars. Values reported are correlation coefficient.  
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Figure 5. Principal component analysis diagram of variation in the potential factors of GI 

and the normalized GI for 8 cultivars of sweet potato. 

 

Insulin analysis. According to the normalized glycemic index results, four cultivars (Stokes, 

O'Henry, Okinawa, Covington) were chosen to do the insulin analysis. Stokes and O'Henry 

were the cultivars with lowest and highest normalized GI value. Okinawa was the one having 

special purple color, and Covington was chosen due to its popularity in North Carolina. 

Fasting and 60-min insulin levels of blood samples from each participant were tested using 

ALPCO Insulin ELISA kits. Insulin release (IR = Value60 min - Value0 min) was calculated to 

investigate the relationship of insulin response with normalized GI in different people and 

cultivars. One-way ANOVA test indicated that there was no difference among the insulin 

release from 10 participants for the chosen four cultivars (P = 0.756). Also, no correlation 
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between insulin release and normalized GI of sweet potatoes was found (R
2
 = 0.01), which 

indicated that people respond to the carbohydrate consumption differently, with variation 

possibly affected by the previous day's diet, health conditions, or even the mood at the time 

of the session. 

Summary and Future Work 

There was statistically no cultivar difference of the analyzed sweet potatoes. However, if we 

take all the factors into consideration, Stokes may be a good source of carbohydrate that can 

be recommended to people with diabetes-related diseases. Because the purple-fleshed sweet 

potato 'Stokes' had relatively low GI, which can be considered as moderate GI, and it also 

had significantly higher levels of the potent antioxidants, anthocyanins and total phenols, 

than orange, yellow and white-fleshed sweet potato cultivars. Nevertheless, Stokes sweet 

potato is not a common vegetable that people can buy in the supermarket, it is mostly located 

in some farmers' markets or Asian supermarkets. So if people don't have access to Stokes, 

Covington might be another good choice due to its moderate GI, high levels of beta-carotene 

and its popularity in US.  

Compared with potatoes, sweet potatoes tend to have a lower GI. Ek et al. (2012) reported 

that most cultivars of potatoes fell into the medium or high GI range, with a few varieties 

classified as low GI according to the cooking methods they chose and the way they served 

the potatoes. All the cultivars of potatoes prepared by baking fell into the high GI range (72-

104), no matter what temperature and baking time (220 °C, 55-60min/190 °C, 25min) used 

and how the potatoes were served (served hot/stored cold for 1–5 days, microwave reheated 
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and served) [14]. All the cultivars of sweet potato in this study were thoroughly baked, so 

heat-activated amylase may have contributed to some of the higher GI values that were 

observed. 

Glycemic Index measurement can have large variation, due to the numerous factors that may 

impact the glucose response and carbohydrate metabolism. Future work may focus on 

expanding the numbers of cultivars and participants to reduce the standard error. Further 

analysis of the starch type and amount in sweet potato may be helpful to illustrate the cultivar 

difference and the glucose response.  
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Appendix Table 1. Glycemic Index of eight sweet potato cultivars from 10 subjects. 

       Subject 

Cultivar    
2 3 4 5 23 24 26 27 28 32 

Japanese 
67.6  112.4  59.0  99.3  64.8  61.7  90.1  90.0  102.4  50.5  

Murisaki 
78.0  71.5  70.8  106.7  58.3  45.0  83.6  66.5  85.9  77.3  

Stokes 
46.6  57.8  62.6  81.3  41.9  36.0  99.3  103.6  63.3  65.7  

Bonita 
90.4  68.5  83.0  138.8  52.2  40.9  82.7  67.5  78.6  39.9  

O' Henry 
89.2  97.0  98.8  79.4  85.9  60.5  94.4  44.0  63.5  86.9  

Evangeline 
74.0  104.3  54.8  84.7  54.9  59.8  130.9  51.0  67.4  76.1  

Okinawa 
77.1  76.5  58.2  71.1  62.2  50.3  160.2  84.7  69.2  54.9  

Covington 
49.5  66.4  55.2  70.3  72.2  50.2  92.2  65.4  76.3  62.4  
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Appendix Table 2. Insulin release (μIU/ml) of 10 subjects for four sweet potato cultivars. 

       Subject 

Cultivar 

2 3 4 5 23 24 26 27 28 32 

Stokes 3.26 8.91 1.96 13.89 23.68 6.00 6.92 20.88 12.94 50.90 

O' Henry 35.40 20.15 6.89 1.48 48.01 7.76 9.36 17.55 8.25 67.78 

Okinawa 1.03 11.60 26.64 10.17 35.54 13.32 12.82 2.41 38.17 28.22 

Covington 34.38 14.07 2.67 7.90 27.43 11.70 7.65 29.76 15.16 19.37 
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Appendix Table 3. Cultivar effect on normalized GI. Two-way ANOVA analysis of subjects 

and cultivars was used.  
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Appendix Table 4. Occasion effect on normalized GI. 
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Appendix Table 5. Color effect on normalized GI. 
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Appendix Table 6. Cultivar effect on insulin release. 
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Appendix Table 7. IR effect on normalized GI. 

 

 

 

 


