
ABTSTRACT 

CHOONG, TEOW. Antioxidant activity and bioactive compounds of 
sweetpotatoes. (Under the direction of Dr. Van-Den Truong) 

  Sweetpotatoes are rich in dietary fiber, minerals, vitamins and bioactive 

compounds such as β-carotene, phenolic acids and anthocyanins which provide 

sweetpotato clones with distinctive flesh colors (cream, yellow, orange and 

purple). Limited studies have been conducted on the total antioxidant capacity of 

various sweetpotato types in relation to their phytochemical content and 

composition. This study aimed to determine the free radical scavenging activity of 

sweetpotatoes using several common methods, to assess the correlation among 

the antioxidant assays, and to determine the relationship between the antioxidant 

activity and the phenolic, anthocyanin and β-carotene content in breeding lines. 

Oxygen radical absorbance capacity (ORAC), 2,2-diphynyl-1-piicrylhydrazyl 

(DPPH) and 2,2'-azinobis(3-ethyl-benzothiazoline-6-sulfonic acid (ABTS) 

methods were used to evaluate antioxidant activity . Total phenolics were 

measured using the Folin-Ciocalteau method, total anthocyanins by the pH-

differential method, and β-carotene by HPLC. Results indicated that dark purple-

fleshed sweetpotatoes had high antioxidant activity, total phenolic and 

anthocyanin contents. The total phenolic and β-carotene contents were highly 

correlated with the antioxidant activity of the hydrophilic and lipophilic extracts, 

respectively. There were good correlations between ORAC and ABTS, and 

ORAC and DPPH suggesting that these methods have similar predictive capacity 

for sweetpotato antioxidant capacity. 



 With high antioxidant capacity, the purple-fleshed sweetpotatoes have 

good potential for health food markets. Characterization of the pigments in a 

genotypically diverse group of purple-fleshed clones for physiological 

functionality and polyphenolic compounds associated with the color of the 

derived progeny is important for breeding program as well as suitability for 

processing. The results showed that the anthocyanin and phenolic contents as 

well as antioxidant activities greatly varied among the cultivars. Heat treatment 

resulted in significant increase in the polyphenolic content and composition of the 

extracts. Based on visual color measurement, the clones were categorized as a 

red-dominant group (peonidin-rich). However, HPLC analysis revealed that the 

ratios of peonidin and cyanidin varied widely among the samples with several 

genotypes in a cyanidin-rich group. The genotypic diversity of purple-fleshed 

sweetpotatoes may make it possible to utilize them in a variety of food and 

nutraceutical applications. 
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Table 1:  Phenolic, anthocyanins and β-carotene content of sweetpotato clones 

Sample Flesh color Dry Matter, 
% 

Phenols, mg 
CAE/100g fw

Total 
anthocyanin, 
mg/100g fw 

β-carotene, 
ug/g  fw 

Beauregard orange 28.4 21.1 f ND 92.08 c 
NC 415 purple 26.8 79.2 cb 113.09 a 6.28 h 

Hernandez orange 28.8 15.7 g ND 166.32 b 
Covington orange 27.3 18.3 f 3.78 e 120.00 g 
Xushu 18 white 31.1 0.300 k ND 0.19 j 

11--5 orange 34.9 12.0 gh 1.23 f 55.20 d 
11--12 yellow 28.4 1.0 k ND 1.30 i 
11--16 light orange 31.8 9.30 ij ND 10.23 g 
11--20 orange 24.7 47.8 c ND 228.90 a 
12--5 purple 31.3 38.1 d 19.61 d 37.43 e 
12--7 light orange 33.1 9.8 hij ND 22.50 ef 
12--9 light purple 32.6 19.0 f 2.33 f 17.13 fg 

12--17 light orange 33.5 8.1 j ND 8.83 g 
13--1 yellow 32.6 2.6 k ND 1.80 i 
13--6 purple 29.7 21.6 e 5.81 e 47.65 d 

13--14 orange 29.5 11.0 hi ND 38.10 e 
13--15 orange 29.1 12.1 gh ND 108.78 b 
13--17 purple 27.6 51.7 b 29.18 c 28.38 e 
13--18 purple 33.1 71.6 a 40.14 b 4.05 hi 

 
a-h Means within a column with the same superscript letter are not significantly 
different (P=0.05). 
ND means non-detectable. 
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Figure 1: ORAC-Fluorescence Intensity of Various Clones of Sweetpotato Over Time 
(Hydrophilic Extract) 
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Figure 2: Total Antioxidant Activity of Sweetpotato Clones  
Bars indicate standard errors for commercial clones and standard deviation for breeding 
lines. 
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Figure 3: DPPH: Antioxidant Activity of Sweetpotato Clones with Varying Flesh Colors. 
Bars indicate standard errors for commercial clones and standard deviation for breeding 
lines. 
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Figure 4: ABTS: Antioxidant Activity of Sweetpotato Clones with Varying Flesh Colors 
Bars indicate standard errors for commercial clones and standard deviation for breeding 
lines. 
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Figure 5: Correlation between ORAC and DPPH 
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Figure 6: Correlation between ORAC and ABTS 
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Figure 7: Correlation between ABTS and DPPH 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 86

y = 3.0561x - 1.6232
R2 = 0.9375
P=<0.0001

0

10
20

30
40

50
60

70
80

90

0 5 10 15 20 25 30

ORAC, uM TE/g fw

To
ta

l P
he

no
l, 

m
g/

10
0g

 fw

 
Figure 8: Correlation between ORAC (hydrophilic fraction) and Total Phenols 
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Figure 9: Correlation between ORAC (lipophilic fraction) and β-Carotene Content 
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ABSTRACT 
 

The previous studies have showed that dark purple-fleshed sweetpotatoes 

have the highest antioxidant activity among the clones with varying flesh colors. 

Natural food colorants and various processed products derived from high 

anthocyanin sweetpotatoes are being commercialized in the health food market. 

Characterization of the pigments in the purple-fleshed cultivars for physiological 

functionality and polyphenolic compounds in relation to the color of the derived 

products is important for breeding efforts and for the processing industry. This 

study aimed to analyze the anthocyanin content and composition of diverse 

groups of purple-fleshed sweetpotatoes collected from several sweetpotato 

growing countries. Freeze-dried powders of raw and steamed roots were 

analyzed for total anthocyanins by the pH-differential method, total phenolic 

content by Folin-Ciocalteu procedure, and antioxidant activity by (ORAC) 

analysis. The color values and the anthocyanin composition of the roots were 

analyzed by colorimetry and HPLC. The results showed that the anthocyanin and 

phenolic compounds concentrations as well as antioxidant activities varied over a 

wide range in the purple-fleshed sweetpotato collections. The amount of phenolic 

compound extracted increased after heat treatment of the sweetpotato samples. 

This resulted in higher levels of free radical scavenging activity than in extracts 

from non-heated storage roots. Based on color measurements, the clones 

evaluated were categorized as a red-dominant group (peonidin-rich). However, 

HPLC analysis revealed that the ratios of peonidin and cyanidin varied widely 
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among the samples and that some clones contained more cyanidin anthocyanins 

than peonidin anthocyanins.  
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INTRODUCTION 

The previous studies have demonstrated that purple-fleshed 

sweetpotatoes had higher antioxidant activity and phenolic compound 

concentrations than other sweetpotato types. Recently, purple-fleshed 

sweetpotatoes have been promoted as a health food in several countries in Asia, 

especially in Japan. Various processed products derived from high anthocyanin 

sweetpotatoes are being commercialized with good market potential. These 

products include natural purple food colorants, purple paste and flour for use in 

juices, alcoholic beverages, bread, noodles, soup, jam and confectionary (Suda 

et al., 2003). During the past few years several new sweetpotato cultivars with 

deep and purple flesh color have been developed in Japan to meet a growing 

demand in the fresh markets and in the processing industry.   

With growing consumer demand for health foods in the United States, 

purple-fleshed sweetpotatoes may provide a significant market opportunity. 

However, commercial production of purple-fleshed sweetpotatoes is almost non-

existent in this country. Therefore, there is a need to develop the purple-fleshed 

sweetpotato clones adapt to local growing conditions with high yield and good 

quality for the fresh consumption and for processing applications, collection and 

analysis of diverse purple-fleshed sweetpotato germplasm is a necessary step in 

the development of a breeding program. The characterization of the purple 

pigments in terms of physiological functionality, anthocyanin content and 

composition in relation to the color of the derived products from these collections 
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of purple cultivars is also important for sweetpotato breeders in selecting the best 

parental materials for hybridization.   

Purple-fleshed sweetpotatoes are rich in anthocyanins, which are 

categorized as either peonidin and cyanidin. The chemical difference between 

peonidin and cyanidin is the presence or absence of a methoxyl group at the 3’-

position of the aromatic B-ring. Theses pigments exist in either mono- or di-

acylated forms (Goda, 1997). Among the eight major anthocyanins in the purple-

fleshed sweetpotatoes, two of them are mono-acylated by caffeic acid, and the 

others are di-acylated by caffeic acid alone, caffeic acid and p-hydroxybenzoic 

acid, or caffeic acid and ferulic acid. One common characteristic among all the 

types of anthocyanins in purple-fleshed sweetpotatoes is that they are bound to 

at least one caffeoyl group, which makes them a good free radical scavenger. 

 Recent research on the nutraceutical properties of purple-fleshed 

sweetpotatoes indicated that the anthocyanins extracted exhibited strong radical 

scavenging activity (Oki et al., 2002) and anti-mutagenic activity in a salmonella 

typhimurium assay (Oki et al., 2002; Yoshimoto et. al., 1999) and significantly 

reduced high blood pressure and carbon tetrachloride-induced liver injury in rat 

(Suda, et. al., 1997). Other physiological functions of anthocyanins include anti-

inflammatory, antimicrobial, and antihypertensive activities and ultraviolet 

protection effects (Yoshimoto et al., 2001). 

Anthocyanin composition can be determined based on color value 

measurement and HPLC analysis. Color analysis is based on the Hunter 

colorimetry color reflectance values of L*, a* and b*. The b*/a* ratio of -1.4 and 
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below are categorized as blue dominant group with high cyanidin content, 

whereas samples with a ratio of –1.1 and above are categorized as a red 

dominant group which is predominantly peonidin. HPLC analysis indicated that 

there was a range of peonidin/ cyanidin ratio from 0.02 to 24.6 among different 

purple-fleshed sweetpotato cultivars (Yoshinaga et al., 1999).  

The objective of this study was to characterize the anthocyanin content 

and composition of a diverse group of purple-fleshed sweetpotatoes collected 

from several sweetpotato growing countries. The total phenolic content, 

antioxidant activity and color characteristics of this collection were determined. 

The effect on thermal process of these components was also investigated.   
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MATERIALS AND METHODS 

 
Chemicals 
 

Trolox (2,5,7,8-tetramethychroman-2-carboxylic acid), Folin-Ciocalteau 

reagent, chlorogenic acid and fluorescein (FL) were obtained from Sigma-Aldrich 

(Milwaukee, WI). 2,2’-azobis (2-amidino-propane) dihydrochloride (AAPH) was 

obtained from Wako Chemicals USA (Richmond, VA). All other chemicals were 

of analytical or HPLC grade. 

Root Samples  
 
 Twenty-one purple-fleshed sweetpotato breeding clones with different 

shades of purple color were evaluated. This diverse group of purple-fleshed 

sweetpotatoes was obtained from a collection maintained and developed by the 

Sweetpotato Breeding Program at North Carolina State University. The 

germplasm used to make the crosses was obtained from different countries 

including Puerto Rico, Peru, Japan, The Philippines and Korea. Only limited 

amount of samples were available. Therefore, instead of replications two 

repeated measurements were carried out for each clone. 

Sample Preparation for Raw and Steamed Storage Roots 

 The roots were thoroughly washed with tap water, manually peeled, cut 

longitudinally into halves. One half was steamed for 30 minutes, manually 

mashed, while the other half was grounded into small pieces with a food 

processor. The moisture content of raw and steamed samples was obtained by 

leaving the samples in the oven for 3 hours at 70 oC and then 17 hours at 105 oC 

as described by Walter and Purcell (1979). Both raw and steamed samples were 
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then freeze-dried in a Stoppering Trap Freeze Dryer 77560 (Labconco 

Corporation, Kansas City, MO) for several days at -45oC to -30oC. The freeze 

dried samples were powdered in a  cyclotec mill with 1mm mesh (UDY Corp., 

Fort Collins, CO), and stored at -20C until ready for analysis.  

Preparation of Sweetpotato Extracts  
  

The extraction was carried out using a Dionex accelerated solvent 

extractor (ASE 200) equipped with a solvent controller (Dionex Corp., Sunnyvale, 

CA). Sweetpotato powder (1g) was mixed with 5 g sea sand, and loaded into a 

22 ml extraction cell with cellulose filter paper at the bottom and tightly sealed. 

The selected variables for the extraction were: pressure, 1500 psi; temperature, 

100 oC; extraction time, 3 x 5 min cycles; flushing volume, 60%; and nitrogen 

purge time, 60 s. The extracting solvent (7% acetic acid in 80% methanol) was 

purged with nitrogen gas for 2 hrs prior to use to prevent phenolic oxidation 

during extraction. The parameters were 5 min static, flush, 60%, purge, 60s, 

cycle, 3 temperature, 100 oC (7 % acetic acid in 80% methanol) pressure, 1500 

psi. The extracts were collected in UV-proof glass tubes, adjusted to 50ml with 

the same solvent, and stored at -80 oC until analyzed.  

Measurement of Antioxidant Content 
 
Total Phenolic Assay 
 

Total phenolic compounds were measured using the modified Folin-

Ciocalteu method (Singleton et al., 1999). This procedure involved the addition of 

0.5 mL Folin-Ciocalteau reagent to samples or standards and let it react for 3 

minutes. The samples consisted of the hydrophilic extracts. Each sample or 
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chlorogenic acid standard (0.5 mL) was diluted with distilled water to 5.0 mL. One 

ml of 1 N sodium carbonate was added to the sample and the mixture was 

incubated for reaction for an hour. The absorbance was measured at 725 nm 

using SAFIRE microplate reader equipped with a Megellan V4-W reader software 

(Tecan, Raleigh). Distilled water was used as a blank. The content of phenolic 

compounds was reported as of mg chlorogenic acid equivalents per 100 gram 

fresh weight sample (mg CAE/100g fw).  

Total Anthocyanin Assay 
 

Total anthocyanin content was measured by the pH-differential method as 

described by Rodriquez-Saona and Wrolstad (2001). 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 acid. 

Samples were diluted to give an absorbance at 530 nm < 1.2. Water was used as 

the blank. Diluted samples were held for 15 min before taking the absorbance 

readings. 

The absorbance was measured at wavelength 530 nm and at 700 nm. Difference 

between the pH 1.0 and pH 4.5 samples was calculated. 

  A = (A530nm  - A700nm)pH 1.0  -(A530nm  -   A700nm)pH 4.5  

The monomeric anthocyanin pigment concentration was calculated using 

the following equation: 

 Monomeric anthocyanin pigment (mg/liter)  

   = (A x MW x DF x 1000)/ (ε –l) 
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MW is the molecular weight, DF is the dilution factor, l is the path length, 

and ε is the molar absorptivity of cyanidin-3-glucoside, which was used as a 

standard. The total monomeric anthocyanins were reported on the basis of 

mg/100g fw sweetpotato. 

Measurement of Antioxidant Activity  
 
Oxygen Radical Absorbance Capacity (ORAC) 
 

The oxygen radical absorbance capacity (ORAC) procedure was carried 

out following on the procedure established by Prior et al. (2003). The 

fluorescence intensity measurement was performed using a Safire 

monochromator based microplate reader equipped with a Magellen V4-W reader 

software (Tecan USA, Research Triangle Park, NC) with the sample loaded on a 

Costar polystyrene flat-bottom 96-well plate (Corning, Acton, Massachusetts). 

The concentrations of reagents prepared were identical to those of Prior et al. 

(2003), except that the samples were diluted 100-fold. The diluted samples, 20 

μL, were mixed with 120 μL fluorescein solution in a clear 96-well microplate and 

incubated at 37 oC for 15 minutes. Then, 20 μL of AAPH was rapidly added to 

each well using a multichannel pipet. Immediately following the addition of AAPH, 

the plate was agitated for 5 s prior to the first reading and for 2 s before each 

subsequent reading. Readings were done at 1 min intervals for 80 min. Excitation 

and emission filter wavelengths were set at 484 and 520 nm, respectively. Data 

were expressed in μM Trolox equivalents (TE) per gram of sweetpotato on a 

fresh weight basis. 
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 The ORAC values were calculated by using a regression equation (Y = a 

+ bX, linear; or Y = a + bX + cX2 , quadratic) between concentration (Y) (μM) and 

the net area under the fluorescence decay curve (X). Linear regression was used 

in the range of 6.25-50 μM Trolox. The area under curve was calculated as 

follow: 

AUC = (0.5 + f5/f4 + f6/f4 + f7/f4 ……..+ fi/f4) X CT 

where f4 is the initial fluorescence reading at cycle 4, and fi is the fluorescence 

reading at cycle I, and CT is the cycle time in minutes. 

 The net area under the curve was obtained by subtracting the blank value 

from that of a sample or standard. 

pH Determination  

Five grams of sweetpotato paste were dispersed in 10 ml of distilled water 

at 25 oC for pH measurement using a Corning pH meter (Corning, Acton, M.A.).   

Measurement of Visual Color 
 

The reflectance color values (L*, a*, and b*) of sweetpotato paste and 

powder samples were measured with a Hunter colorimeter (D25/DP9000 

Tristimulus Colorimeter, Hunter Associate Laboratories Inc., Reston, VA). The L* 

value signifies the lightness (100 for white and 0 for black), a* value represents 

greenness and redness (-a* for green and + a* for redness), and b* value 

indicates change from blueness (-b*) to yellowness (+b*). The instrument 

(45°/0°geometry, D25 optical sensor) was calibrated against a standard white 

standard tile (L* = 92.75, a* = - 0.76, b* = -0.07). Samples were filled into a 35 

mm Petri dish, covered, and carefully pressed against the surface to remove air 
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bubbles. Measurements were taken at 3 different locations for each specimen, 

and duplicate specimens were performed for each clone. The average of 6 

readings per clone is reported.  

HPLC Analysis of Anthocyanins Extracts 

Samples were analyzed using a Thermo Quest HPLC System (Fremont, 

CA) equipped with a P2000 binary pump, UV 6000 LP diode array detector, A5 

3000 autosampler and Thermo Quest 4.1 chromatography software. Separation 

was achieved on a C18 column (Alltech Waters Spherisorb ODS-2, 5μm, 250 x 

4.6 mm) using a linear gradient system of A: 1% v/v formic acid and B: 

acetonitrile with 1% formic acid. The operating conditions: injection volume, 20μl; 

flow rate, 1 ml/min, sample tray at 6°C; column oven at 35°C. The presence of 

anthocyanins was monitored at 530 nm. An internal standard of cyanindin, 3-5-

glucoside was used. Identification of the anthocyanin components was based on 

retention time. The identity of the anthocyanins was previously determined by 

LC-MS. 

Statistical Analysis 

Group differences were evaluated using t-tests with p<0.05 considered to be a 

statistically significant difference. Means were compared with Duncan’s multiple 

range test with α = 0.05 using the SAS Statistical Analysis System v8.1 (SAS 

Institute Inc., Cary, NC). 

 

 
 
 
 



 100

RESULTS AND DISCUSSIONS 
 

Total Anthocyanin Content 

 The anthocyanin content of the purple-fleshed sweetpotato clones ranged 

from 12.3 to 162 mg /100 g fwb for the raw samples. This was greater than the 

range of 5.3-53.6 mg/100g fwb reported for several purple-fleshed sweetpotatoes 

in Japan (Furuta et al., 1998). The differences can be attributable to variation in 

clones, environmental conditions and analytical methods. For cooked samples 

total anthocyanins ranged from 53 to 281 mg/ 100 g fw. The cooked samples 

averaged about 1.5 fold higher anthocyanin content than the raw samples. 

Apparently, the effect of heat treatment on the amount of anthocyanins extracted 

varied with genotype. 

Similar to sweetpotatoes, different varieties of fruits, grains and vegetables 

also have different levels of anthocyanins content. Abdel-Aal and Hucl (1999) 

reported that the total anthocyanin in wheat grain varies from 1.04 to 4.58 

mg/100g fw. Liu et al., (2002) reported that different varieties of raspberry 

expressed different levels of anthocyanin content. The reported anthocyanin 

content of different varieties of raspberries ranged from 0.17 to 57.6 mg 

anthocyanins/100 fw. Similarly, the anthocyanin content of red potato and red 

radish also varied within cultivars, ranging from 15-45 mg/100g mL for each 

commodity (Rodriguez-Soana et al., 1998). These studies also indicated that the 

expression of pigments and bioactive compounds in plants are due to genetics, 

maturity and environmental factors (Raffo et al., 2002).  
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 Except for a few samples, most of the total anthocyanin contents for the 

steamed sweetpotato samples were higher than those of the raw samples 

(Figure 1). The results are in agreement with previous reports on other fruits and 

vegetables. Thermal treatment such as UV-light elevated the anthocyanin 

contents in the apple extracts (Reay and Lancaster, 2001). Heat treatment 

inactivates enzymes such as phenol oxidase that can catalyze anthocyanin 

degradation and may also disrupt cell walls which could facilitate release of 

anthocyanins from cells. Besides that, a phenomenon known as copigmentation 

of the colored flavylium cation by phenolic substances such as flavonoids or 

phenolic acids might be possible. Self-association of the flavylium cation, which 

forms a hydrophobic core surrounded by hydrophilic glycosyl, probably occurs. 

The phenolic components react with the flavylium cation by using hydroxyl 

groups. Because of these reactions, the stability of colored flavylium cation is 

increased, therefore it become more tolerant of thermal processing (Asen et al., 

1972). In addition, Inami et al. (1996) reported that isomerization of certain 

anthocyanins could also increase the stability of the compound. Acylated 

anthocyanins found in Elderberry (Sambacus nigra) could change to a more 

stable isomers under light irradiation thus increasing the stability of anthocyanins 

(Inami et al., 1996). Further studies on this area are required for sweetpotato 

anthocyanins.  

Total phenol Content 

The total phenolic content ranged from 30.8 to 136.0 mg CAE/100g fwb 

for the raw samples (Figure 2). After heat treatment, the phenolic content of the 
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steamed roots of all clones were higher compared to the raw samples (p<0.05). 

The phenolic content of steamed storage roots ranged from 90.4 to 240.0 mg 

CAE/100g fwb. There were no significant differences in the dry matter content of 

the raw and steamed samples (Table 2), but steaming resulted in a 2-3 fold 

increase in total phenolic contents in the evaluated clones (Figure 2). Cultivar 

PUR 04-134 and PUR 04-118 had the highest phenolic content among all the 

raw and steamed samples.  

Liu et al. (2002) reported that the phenolic content of raspberry varied 

among varieties, ranging from 359 to 513 mg gallic acid/100g fw. Gil et al. (2002) 

reported that different varieties of nectarine, peach, and plum contained different 

levels of phenolic compound ranging from 138-1403, 172-1202 and 220-3180 

mg/kg fwb respectively. These results showed that for any given fruit or 

vegetable, the phenolic contents can vary significantly among different varieties. 

This could be due to the genetic make up of different genotypes, which lead to 

different levels of phenolic expression. On the other hand, the biosynthesis of 

bioactive compounds could be influenced by environmental factors such as 

abiotic stress, nutrients, weather, water supply and other growing conditions 

(Fernando Reyes and Cisneros-Zevallos, 2003). 

As with anthocyanins, heat treatment increased the extractable phenolic 

compounds in the purple-fleshed sweetpotato clone. One possible explanation 

for the elevation of phenolic content after thermal processing was due to 

liberation of phenolics from the matrix within the cells in the plant (Gahler et al., 

2003). Jeong et al. (2004) also pointed out that phenolic compounds in citrus 
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peels could be liberated by heat treatment. However, previous studies showed 

that simple heat treatment could not cleave covalently bound phenolic 

compounds from rice hulls. However, far-infrared radiation could cause release 

of covalently bound components. This implied that phenolic compounds of plants 

could be present in free and bound forms depending on species, and that 

effective processing steps forms for liberating phenolic compounds may vary 

among plant materials (Jeong et al., 2004).  

Oxygen Radical Absorbance Capacity (ORAC) 

 The result of the ORAC analysis of the antioxidant activities of hydrophilic 

extracts of the purple-fleshed sweetpotato indicated that the antioxidant activity 

also varied significantly (p<0.05) within the purple-fleshed sweetpotato materials 

(Figure 3). The antioxidant activity of most samples was centered between 10-25 

μM TE/ g fwb for both raw and steamed samples. The antioxidant activity of the 

raw samples ranged from 3.10 to 31.1 μM TE/ g fwb, whereas the antioxidant 

activity of the steamed sample ranged from 7.00 to 40.5 μM TE/ g fwb.  

A wide range of antioxidant activity in different varieties of other fruits and 

vegetables has been reported. The ORAC antioxidant capacity that were 

reported for cranberry, lingonberry, blueberry and chokeberry were 9.2, 12.8, 

22.8 and 95.1 μM TE /g fwb respectively (Zheng et al., 2003). For broccoli, the 

ORAC values of the hydrophilic fractions varied from 38.1 to 121 μM TE/g dw 

(Kurilich et al., 2002). The antioxidant activity for brown sorghum and black 

sorghum obtained from ORAC procedure were 878 and 271 μM TE/g dw, 

respectively (Akiwa et al., 2005).  
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Thermal processing elevated the antioxidant activities of most sweetpotato 

cultivars, but the increase was not as large as was observed for anthocyanin and 

phenolic compounds. Other types of fruits and vegetables also exhibited 

increases in antioxidant activities as affected by thermal processing. The 

antioxidant activity of citrus peels increased as the heating temperature 

increased. This could be explained by newly formed low molecular weight 

phenolic compounds in the citrus peel extract when it was heated at high 

temperature, approximately 150 0C (Jeong, 2004). However, Philpott et al. (2003) 

reported that the antioxidant activity and anthocyanins content of purple-fleshed 

sweetpotatoes were not affected by common cooking methods. 

There were high correlations between the ORAC values and total phenol 

contents for both the raw (R2=0.764) and steamed (R2=0.661) samples [Fig 4(a) 

& 4(b)]. However, the correlation between ORAC values and total anthocyanins 

for both raw (R2=0.380) and steamed (R2=0.233) samples was poor [Figure 5(a) 

& 5(b)]. Previous results (Chapter 2) showed a better correlation coefficient 

(R2=0.500) between ORAC values and a wide range of anthocyanin 

concentrations in raw samples of seven sweetpotato clones. It can be speculated 

that, aside from the quantity, the composition of the extracted anthocyanins may 

have different effects on antioxidant activities. In a study on radical scavenging 

activity of several purple-fleshed sweetpotato cultivars, Oki et al. (2002) found 

that anthocyanins and phenolic compounds have different contributions to the 

antioxidant activity irrespective of the purple shade of the cultivars evaluated. 

Philpott et al. (2003) indicated that in addition to anthocyanins, hydroxycinnamic 
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acid responsible for some of the antioxidant activity in purple-fleshed 

sweetpotatoes.  

There was a correlation between phenolic compounds and the 

anthocyanins concentration in the raw samples of 0.741 (Figure 6 (a)). This 

indicated that the phenolic content and anthocyanin content were parallel to each 

other in the raw samples. However, after thermal treatment, there was a poor 

correlation (R2=0.191) between phenolic compounds and anthocyanins content 

(Figure 6(b)). Further studies are required to better understand the effects of heat 

treatment on the antioxidant activities and changes in phenolic components and 

anthocyanin compounds in purple-fleshed sweetpotato.  

HPLC Analysis of Sweetpotato Anthocyanins 

A typical HPLC profile of anthocyanins is shown in Figure 7. The major 

peaks were separated, and the identities of eight major peaks were identified by 

LC-MS in our previous work. Peaks labeled as A, B, C and E cyanidin 

anthocyanins, whereas peaks labeled D, F, G and H are peonidin anthocyanins. 

Even though all the samples had purple flesh color, the ratio of peonidin to 

cyanidin varied among the cultivars, ranging from 0 to 53.2 and 0.05 to 14.8 for 

raw and steamed root respectively (Table 1). Based on this ratio, the 

anthocyanins in those cultivars could be categorized as either cyanidin or 

peonidin-rich type. Variation in the anthocyanin compositions among different 

cultivars of purple-fleshed sweetpotato has been reported. Yoshinaga and 

coworkers (1999) showed that ten of the nineteen cultivars analyzed had 

peonidin as the major anthocyanins in the flesh of the root (peonidin/cyanidin 
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ratio of 0.02 to 24.62).  At the same time, Oki et al. (2002) did a HPLC analysis of 

anthocyanins and the results showed that two of the five samples were rich in 

peonidin aglycon and the other three cultivars were rich in cyanidin aglycon. 

Color Analysis of Paste and Powder 
 

The results of color analysis indicated that the color of the samples ranged 

from dark purple to bluish purple, and lightness of purple color also varied among 

the cultivars. The L*, a* and b* values for both raw and cooked samples varied 

among varieties (Table 2). There was a range of b* value for both raw and 

cooked samples, but they were all negative values indicating that the samples 

were purple/bluish color. The a* value for all samples were positive values 

indicating that the samples were reddish in color.  

In this study, the pH was relatively constant and close to pH 7 for all the 

paste samples, so pH would not substantially affect paste color. Based on plot of 

L* versus b*/a* samples in the powdered form had a higher value of L* compared 

to paste. This indicated that the color of powder was brighter relative to the 

paste. The L* values of the powders were in the range of 20-60, whereas the L* 

values of the pastes were in the range of 10-30 (Table 2). Yoshinaga et al., 

(1999) and Oki et al. (2002) reported similar results for the purple-fleshed 

sweetpotatoes. Visually, the samples were noticeably darker, lower L* value, 

after heat treatment (Figure 8). The paste had a wider range of b*/a* value as 

compared to the powdered samples. The range of b*/a* values was -0.0296 to -

0.788, and -0.032 to -0.473 for the paste and powder, respectively. According to 

Yoshinaga et al. (1999), the combination of HPLC and color analysis results 
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revealed that samples with a b*/a* value greater than -1.1 had peonidin as the 

major anthocyanin. While, samples with a b*/a* value or less than -1.4 had 

primarily cyanidin anthocyanins. All purple-fleshed sweetpotatoes were peonidin-

rich based upon a b*/a* ratio above -1.0 (Figure 9). However, HPLC analysis 

showed that anlysis on the basis of the b*/a* ratio was often incorrect in the 

prediction of the major anthocyanin (Table 1).  

Conclusions 

 The results show that the anthocyanin content, phenolic content and 

antioxidant activity varied over a wide range in this collection of purple-fleshed 

sweetpotatoes. Heat treatment of the sweetpotatoes increased the amount of 

anthocyanins, phenolic compounds, and antioxidant activity extracted. HPLC 

analysis of the anthocyanins showed that the peonidin/ cyanidin ratio did not 

accurately predict the major anthocyanin in the sweetpotatoes.  

Future Studies 

 Over all the results indicated that heat treatment increased the bioactive 

compounds as well as antioxidant activity of purple-fleshed sweetpotatoes. 

However, thermal processing of this study was limited to steaming. Future study 

should include various heat treatment techniques to determine if the effect would 

be the same as steaming. 

 HPLC analysis was a more precise technique to quantify the anthocyanin 

compositions of sweetpotatoes compared to qualitative color analysis procedure. 

Future studies on the anthocyanin compositions of the storage roots should be 

based on HPLC analysis. 
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Table 1: Anthocyanins compositions in raw and steamed sweetpotato clones 

  Percent of 
Pigments (Raw) 

Percent of 
Pigments 
(Steamed) 

Samples no.* Peo 
(Red) 

Cya 
(Blue) 

 
Peo: Cya 

ratio 
(Raw) Peo 

(Red) 
Cya 

(Blue) 

Peo:Cya 
ratio 

(Steamed) 

PUR 04-118 1 89.4 3.1 29.22 34.3 23.7 1.45 
PUR 04-113 2 22.2 61.8 0.36 22.4 63.2 0.35 
PUR 04-073 3 84.7 1.6 53.21 4.9 93.4 0.05 
PUR 04-076 4 82.9 12.7 6.50 56.3 35.4 1.59 
PUR 04-062 5 55.9 19.2 2.91 45.5 33.9 1.34 
PUR 04-078 6 29.3 54.2 0.54 24.6 60.1 0.41 
PUR 04-106 7 78.6 7.2 10.97 56.0 23.9 2.34 
PUR 04-127 8 57.9 34.8 1.66 85.0 5.8 14.79 
PUR 04-128 9 26.5 50.0 0.53 19.7 35.6 0.55 
PUR 04-136 10 34.8 57.6 0.60 36.6 51.2 0.71 
PUR 04-087 11 83.4 16.6 5.02 63.0 27.6 2.28 
PUR 04-134 12 64.8 17.9 3.62 27.6 55.0 0.50 
PUR 04-120 13 79.6 20.4 3.90 40.1 42.2 0.95 
PUR 04-122 14 100.0 0.0 0.00 18.3 57.9 0.32 
PUR 04-130 15 0.0 50.9 0.00 46.3 45.4 1.02 
PUR 04-126 16 0.0 81.0 0.00 25.1 49.9 0.50 
PUR 04-135 17 0.0 92.4 0.00 56.0 35.0 1.60 
PUR 04-146 18 45.5 33.2 1.37 37.5 53.7 0.70 
PUR 04-147 19 0.0 37.0 0.00 30.2 49.5 0.61 
PUR 04-139 20 0.0 86.4 0.00 14.9 69.0 0.22 
PUR 04-144 21 2.4 94.6 0.03 35.6 56.5 0.63 

   *Sample number, Peo = peonidin, Cya=cyanidin 
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Table 2: Dry matter content, L*, a* and b* values of raw and steamed sweetpotatoes. 
   Raw Samples Steamed Samples 

Sample 
Name No.* pH 

Dry 
matter, 

% 
L* a* b* 

Dry 
matter, 

% 
L* a* b* 

PUR 04-118 1 6.26 30.0 51.5 51.5 -4.39 31.5 25.2 25.2 -8.12 
PUR 04-113 2 645 25.9 34.7 34.7 -0.63 26.2 17.4 17.4 -2.73 
PUR 04-073 3 6.86 25.9 22.4 22.4 -2.65 26.4 18.9 18.9 -12.25 
PUR 04-076 4 6.24 31.3 50.4 50.4 -4.55 31.1 12.2 12.2 -7.91 
PUR 04-062 5 6.21 29.7 37.8 37.8 -3.50 30.2 18.6 18.6 -8.88 
PUR 04-078 6 6.70 25.0 38.4 38.4 -6.47 25.8 16.0 16.0 -2.78 
PUR 04-106 7 6.3 26.5 50.5 50.5 -3.43 27.8 20.9 20.9 -9.90 
PUR 04-127 8 6.37 33.2 52.6 52.6 -1.91 37.0 18.8 18.8 -0.74 
PUR 04-128 9 6.58 30.7 50.6 50.6 -4.68 29.2 21.2 21.2 -9.97 
PUR 04-136 10 6.87 29.0 51.8 51.8 -4.85 30.6 16.6 16.6 -8.01 
PUR 04-087 11 6.45 28.0 51.5 51.5 -1.70 27.3 16.0 16.0 -12.16 
PUR 04-134 12 6.35 32.4 51.6 51.6 -2.26 32.4 19.1 19.1 -0.29 
PUR 04-120 13 6.10 22.4 51.5 51.5 -4.70 25.1 15.2 15.2 -9.04 
PUR 04-122 14 6.54 28.8 51.6 51.6 -6.46 30.6 20.8 20.8 -3.21 
PUR 04-130 15 6.89 28.6 50.6 50.6 -5.53 28.5 18.5 18.5 -8.33 
PUR 04-126 16 6.31 36.4 51.4 51.4 -4.45 35.3 27.8 27.8 -14.63 
PUR 04-135 17 6.35 41.1 45.6 45.6 -8.65 33.8 20.5 20.5 -9.01 
PUR 04-146 18 6.48 37.0 44.5 44.5 -9.75 35.6 18.8 18.8 -10.03 
PUR 04-147 19 6.89 28.3 40.6 40.6 -4.43 32.7 18.2 18.2 -13.25 
PUR 04-139 20 6.46 33.3 45.5 45.5 -4.59 30.9 13.6 13.6 -7.36 
PUR 04-144 21 6.36 40.5 45.5 45.5 -5.72 38.5 25.5 25.5 -9.13 
* Sample number. 
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Figure 1: Total anthocyanins of raw and steamed purple-fleshed sweetpotato clones. 
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Figure 2: Total phenolic contents of raw and steamed purple-fleshed sweetpotato clones. 
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Figure 3: ORAC-Total antioxidant activity of raw and steamed purple-fleshed sweetpotato 
clones 
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Figure 4(a): Correlation between phenolic compounds and ORAC in raw purple-fleshed 
sweetpotato clones 
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y = 0.1555x - 3.452
R2 = 0.6613
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Figure 4(b): Correlation between phenolic compounds and ORAC in steamed purple-
fleshed sweetpotato clones. 
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y = 0.1195x + 7.0903
R2 = 0.3791
P= 0.0085
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Figure 5(a): Correlation between total anthocyanins and ORAC in raw purple-fleshed 
sweetpotato clones. 
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y = 1.5957x + 56.609
R2 = 0.2328
P=0.05780
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Figure 5(b): Correlation between ORAC and total anthocyanins in steamed purple-fleshed 
sweetpotato clones. 
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y = 0.6814x + 36.829
R2 = 0.7406
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Figure 6(a): Correlation between total anthocyanins and phenolic compounds in raw 
purple-fleshed sweetpotato clones. 
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y = 0.512x + 96.992
R2 = 0.1909
P=0.0674

0

50

100

150

200

250

0 50 100 150 200
Total Anthocyanins, mg/100g fw

To
ta

l P
he

no
ls

, m
g 

CA
E/

10
0g

 fw

 

Figure 6(b) Correlation between total anthocyanins and phenolic compounds in 
steamed purple-fleshed sweetpotatoes. 
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Figure 7: HPLC chromatogram of anthocyanins for clone PUR 04-113  
Peaks A, B, C and E are cyanidin, peaks D, F, G and H are peonidin. 
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Figure 8.0: Comparison of color differences between raw and steamed sweetpotatoes 
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Figure 9: Reflectance value of raw and steamed purple-fleshed sweetpotato clones. 

0

10

20

30

40

50

60

-0.9 -0.8 -0.7 -0.6 -0.5 -0.4 -0.3 -0.2 -0.1 0.0b*/a*

L*

Paste
Powder


