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ABSTRACT 

Sweet potato is a healthy, cheap and abundantly available food crop in Asia, but 

despite its nutritional and economic value it still remains underutilized in food 

processing. In an effort to utilize them for food processing, this study determined 

the effects of the supplementation of purple sweet potato powder ( PSPP) on the 

quality of specialty bread and fresh pasta. Changes in the quality, color, texture, 

rupture properties and structures of standard white, 4% PSPP-supplemented, and 

0.0125% a-amylase (AM) and 0.025% hemicellulase (HC) treated bread prepared 

following the no-time bread making method were evaluated. Moreover, the effect 

of increasing concentrations of supplemented PSPP on color, cooking quality, 

rupture properties, and acceptability of fresh pasta were also assessed. Results 

showed that PSPP-supplementation produced darker crust and light purple crumb 

bread which is attributed to the intrinsic anthocyanin content of PSPP. However, a 

significantly lower gas retention of dough (GRD), specific loaf volume ( SLV) and 

higher firming rate than the control were also observed which are related to the high 

damaged starch and hemicellulose content of PSPP causing greater starch-gluten 

interaction as demonstrated in the dough structure. On the other hand, AM and 

HC treatments results in improved the bread making quality, and staling rate as 

evidenced by higher gassing power, GRD, SLV, and lower firming rate, rupture 

force and energy, and moisture loss during storage which are related to the lower 

starch-gluten interaction exhibited by the dough and bread structures. For fresh 

pasta, PSPP contributed acceptable slight to extremely strong purple color which is 

vm 



related to its natural dark purple color. PS  PP-substitution also resulted in slight soft 

to soft firmness, and moderate elasticity and cohesiveness which are attributed to 

the improved water holding and absorbing capacities. This study suggests that PSPP 

is an effective natural colorant and its supplementation gives rise to acceptable 

baked and noodle products which can potentially increase the utilization of purple 

sweet potato in the food industry. 
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a b 
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Fig. 3.5. Electron microscope photographs of dough just after mixing 

a) Control without elution, b) Control with elution, c) +PSPP without elution, d) +PSPP with 

elution, e) +PSPP+AM+HC without elution, f) +PSPP+AM+HC with elution 

Abbreviations: PSPP, purple sweet potato powder; AM, a-amylase; HC, hemicellulase; L, 

large type starch granules; S, small type starch granules; SG, starch and gluten crosslinks; G, 

gelatinized starch 

dough (shown in Fig. 3.Sd), which was not present in the control and 

PSPP+AM+HC. The areas of SG (starch and gluten crosslinks) are thought to show 

starch particles that are tightly cross-linked or adhered to the gluten network since 
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this dough sample has already undergone elution treatment to sufficiently remove 

the starch granules. 

Similarly, Fig. 3.6a, c and e show the evenly scattered large and small 

starch granules of the non-eluted control, PSPP and PSPP+AM+HC doughs, 

respectively, just after proofing. More swollen starch granules were observed in 

PSPP+AM+HC (Fig. 3.6e) than the other bread treatments. Figure 3.6b, d, and f 

show the gluten network of the eluted control, PSPP and PSPP+AM+HC doughs, 

respectively, just after proofing. It can be observed in Fig. 3.6d that the PSPP dough 

formed a greater number of swollen starch granule-gluten network crosslinks 

compared with control and PSPP+AM+HC. Moreover, partial interaction of 

gelatinized starch with the gluten network is observed in PSPP dough in Fig. 3.6d, 

which was not present in control and PSPP+AM+HC. On the other hand, lesser 

starch-gluten crosslinks, smaller pores and greater porosity were observed in 

PSPP+AM+HC (Fig. 3.6t) compared to the control and PSPP dough. 

Figure 3.7a, c and e show images of non-eluted bread just after baking, 

wherein the swo11en starch granules can be respectively observed in control and 

PSPP bread, while for PSPP+AM+HC the starch granules were ruptured and 

undistinguishable. Moreover, Fig. 3. 7b, d, and f show the gluten networks for each 

bread treatment. It was observed that the control (Fig. 3.7b) had a compact, close 

gluten network, whereas PSPP+AM+HC (Fig. 3.7t) had a more open network. On 

the other hand, a likely weak gluten network with more gelatinized starch-gluten 

interaction was observed in PSPP, as shown in Fig. 3.7d. It seems that this weak 

gluten network in the PSPP bread was caused by the residual gelatinized starch of 
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a b 

C d 
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Fig. 3.6. Electron microscope photographs of dough just after proofing 

a) Control without elution, b) Control with elution, c) +PSPP without elution, d) +PSPP with 

elution, e) +PSPP+AM+HC without elution, f) +PSPP+AM+HC with elution 

Abbreviations: PSPP, purple sweet potato powder; AM, a-amylase; HC, hemicellulase; L, 

large type starch granules; S, small type starch granules; SG, starch and gluten crosslinks; 

SSG, swollen starch granules ;  G, gelatinized starch 

PSPP not completely decomposed by the intrinsic enzymes of wheat flour, which 

then cross-linked or adhered to the gluten network during the baking process. 
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Fig. 3.7. Electron microscope photographs of bread crumb just after baking 

a) Control without elution, b) Control with elution, c) +PSPP without elution, d) +PSPP with 

elution, e) +PSPP+AM+HC without elution, f) +PSPP+AM+HC with elution 

Abbreviations: PSPP, purple sweet potato powder; AM, a-amylase; HC, hemicellulase; SSG, 

swollen starch granules; GGI, gelatinized starch and gluten interaction 

3.3.6 Sensory properties of breads 

Table 3. 7 shows the quantitative descriptive evaluation of bread 

supplemented with PSPP and treated with enzymes in terms of purple color, sweet 

potato aroma, sweet potato flavor, hardness, elasticity, cohesiveness and overall 
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Table 3. 7. Sensory properties of PSPP substituted bread I ) 

Bread Making 
Color 

Sweet potato Sweet potato 
Hardness Elasticity Cohesiveness 

Overall 
Treatments aroma flavor acceptability 

Control 1 .00±0.00 a 1 .23±0.25 a 1 . 56±0.28 a 5 . 1 8±0.34 b 5 .05±0.3 1 a 5 .33±0.4 1 a 6 .69±0 .36 a 

+PSPP 5 .44±0.46 b 4 .6 1±0.27 b 4 .96±0.46 b 5 .97±0.28 C 5 . 36±0.24 a 5 .73±0 .32 a 6 . 56±0.65 a 

+PSPP+AM+HC 5 .29±0. 1 8  b 4 .50±0. 38  b 5 . 00±0.60 b 3 .25±0. 1 4  a 5 . 1 2±0.37  a 4 .92±0.26 a 8 .08±0.23 b 

Abbreviations : PSPP, purple sweet potato powder; AM, a-amylase; HC, hemicellulase 

!)Each value is the mean ± SD. The values followed by different letters within columns are significantly different (p<0.05) . 
Quantitative descriptive analysis scale : purple color, I -no purple to 9-extremely purple ; sweet potato aroma, I -not 
perceivable to 9-extremely strong; sweet potato flavor, I -not perceivable to 9-extremely strong; hardness, I -extremely soft to 

°' 9-extremely hard; elasticity, I -extremely low to 9-extremely high; cohesiveness, I -extremely low to 9-extremely high; overall 
acceptability, I -disliked extremely to 9-liked extremely 



acceptability. Results showed that purple color was significantly perceived in PSPP 

supplemented bread. Sweet potato aroma and flavor were perceived significantly 

higher in PSPP and PSPP+AM+HC breads than the control. PSPP- supplemented 

bread was perceived as significantly hardest whereas PSPP+AM+HC was the 

softest among bread treatments. While the control was judged significantly softer 

than PSPP bread but harder than PSPP+AM+HC bread. Ultimately, overall 

acceptability of PSPP+AM+HC bread was significantly higher than the control and 

PSPP bread. 

3.4 Discussion 

3.4.1 Bread making quality 

The significantly lower GRD of the dough with PSPP compared to control 

and PSPP+AM+HC can be attributed to the absence of gluten protein, and high 

fiber and damaged starch content, resulting in a weaker gluten network (Hathorn et 

al. 2008). Decreased GRD was also observed by Murayama et al. (2015) after the 

addition of potato flour to wheat bread. On the other hand, the improvement in GRD, 

GP, and SLV of PSPP+AM+HC bread can be attributed to the activities of AM and 

HC, which resulted in the formation of fermentable sugars that were used by yeast 

for increased gas production (Goesaert et al. 2009). The same improvement in SLV 

was reported by Kim et al. (2006) and Schoenlechner et al. (2013) after adding AM 

to polished flour supplemented wheat bread and HC in millet/wheat composite 

bread, respectively. Moreover, as previously reported, the general improvements in 

the bread making qualities of the dough with PSPP+AM+HC can be mainly 

explained by the hydrolytic activity of AM and HC, which resulted in the 
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decomposition of damaged starch, including the gelatinized starch of PSPP and 

hemicellulose such as insoluble pentosans into low molecular weight substances 

(Santiago et al. 2015a). 

3.4.2 Changes in textural properties during bread storage 

The significantly higher hardness, gumminess, chewiness and firming rate 

(Tables 3.2 and 3.3) of PSPP bread can be attributed to the 54% damaged starch 

content ofPSPP (data not shown), which forms cross-links with the protein network 

during baking and increases in number and strength during storage, causing crumb 

hardening (Martin et al. 1991). The same increase in firming rate was observed by 

Yamauchi et al. (2004a) for bread supplemented with intact and fermented potato 

pulps of high decomposed starch and fiber contents. On the other hand, the 

significantly lower firming rate of PSPP+AM+HC bread corroborates with its 

significantly lower amylose content and enthalpy change for retrogradation (Table 

3.3) and can be related with the anti-staling property of AM and HC (p<0.05). The 

same lower firming rate of wheat bread with AM and HC was reported by Caballero 

et al. (2007). The activity of AM results in the degradation of mainly damaged 

starch of wheat flour and gelatinized starch of PSPP into low molecular weight 

dextrins, oligo-saccharides, maltose and glucose, decreasing the amount of 

available starch for retrogradation and retarding the retrogradation of gelatinized 

starch gel in bread (Duran et al. 2001; Palacios et al. 2004; Goesaert et al. 2009; 

Gomes-Ruff et al. 2012). Moreover, these saccharide products of AM hydrolysis 

interfere with starch-protein interactions, resulting in few, weak crosslinks, thus 

reducing the firming rate (Table 3.3) (Martin et al. 1991; Martin and Hoseney, 
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1991 ). The weaker starch-protein interaction may have also resulted in significantly 

lower cohesiveness of bread with PSPP+AM+HC compared to control and PSPP 

breads (Table 3.2). A similar decrease in the cohesiveness of wheat dough resulting 

from AM addition was reported by Armero and Collar (1997). Likewise, lower 

hardness and cohesiveness of wheat bread crumb treated with fungal AM compared 

to the control was reported by Blaszczak et al. (2004). 

3.4.3 Rupture properties of breads 

The significantly higher RF of PSPP bread crumb after 1 day of storage 

compared with the control and PSPP+AM+HC (p<0.05) can be related to its harder 

texture (Table 3.2 and Fig. 3.3), resulting from its low porosity and the high 

interaction between gelatinized starch and the gluten network (Martin et al. 1991 ). 

The same increase in RF was observed by Yamauchi et al. (2004b) after 

supplementing wheat bread with 50% rice flour. On the other hand, the lower RF 

of bread crumb with PSPP+AM+HC than the control and PSPP can be related to its 

softer texture (Table 3.2 and Fig. 3.3), which resulted from its high porosity, lesser 

interaction of gelatinized starch with gluten and the anti-staling effect of AM and 

HC (Martin and Hoseney, 1991; Duran et al. 2001; Caba11ero et al. 2007). The 

decrease in RF, RD and RE during storage was caused by starch retrogradation (Fig. 

3.4), making the crumb brittle. The significantly lower RF of PSPP+AM+HC after 

3 days of storage compared to the control and PSPP can be attributed to the 

collective effect of a softer and brittle bread crumb. Similarly, the significantly 

lower RE of PSPP+AM+HC compared to the other treatments at a11 incubation 

periods can be attributed to its softer texture, and lower firming rate and enthalpy 
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change for retrogradation (Figs. 3.3, 3.4 and Tables 3.3, 3.4). 

3.4.4 Moisture and soluble sugar content of bread 

The significantly lower moisture content loss of PSPP+AM+HC compared 

to control and PSPP may have caused its lower firming rate (Table 3.3), which 

conforms to the report of Rogers et al. (1988) showing that moisture loss results in 

higher firming rate. On the other hand, the significantly higher water soluble 

glucose, maltose, reducing and total saccharide content of PSPP bread (Table 3.6) 

compared to the control may have been affected by the intrinsic sugar content of 

sweet potato powder and the hydrolytic enzyme products of wheat flour and yeast 

(Lu and Gao, 2011 ). Moreover, the significantly higher water-soluble glucose, 

fructose, maltose, reducing and total sugar contents (Table 3.6) of PSPP+AM+HC 

may be due to the products of AM and HC hydrolytic activities. These higher water­

soluble sugar contents may have prevented the loss of water during storage, 

resulting in the lower firming rate of PSPP+AM+HC (Tables 3.3, 3.5 and Fig. 3.3). 

Similar observations were reported by Martin and Hoseney (1991 ), i.e. , lower 

firmness of bread with higher maltose content after 5 days of storage. Moreover, 

Duran et al. (2001) reported that sugars and oligosaccharides reduce the 

retrogradation rate by inhibiting hydrogen bonding among starch chains, which 

causes a decrease in crumb firmness and staling rate. Furthermore, Yamauchi et al. 

(2014) related the higher moisture and saccharide content of Yudane bread as a 

reflection of increased water absorption and decomposition of starch, resulting in a 

softer texture and slower staling. 
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3.4.5 Dough and bread crumb structure 

The large and small starch granules detected in all dough treatments just 

after mixing and proofing were also observed by Blaszczak et al. (2004) in the 

microstructure of wheat dough. The interaction of gelatinized starch with the gluten 

network observed in Figs. 3.Sd and 3.6d for PSPP dough may have caused the 

lower SLV and high firming rate of the resulting bread (Tables 3.1 and 3.3). 

For dough just after proofing, the greater number of swollen starch 

granules observed in PSPP+AM+HC (Fig. 3.6e) can be related to the hydration and 

swelling pressure caused by AM, as reported by Blaszczak et al. (2004). In addition, 

the lower number of starch-gluten crosslinks, smaller pores and greater porosity of 

PSPP+AM+HC dough (Fig. 3.6f) compared to the control and PSPP may have 

caused its significantly higher SLV and lower firming rate, as shown in Tables 3.1 

and 3.3. On the other hand, the greater swollen starch granule-gluten network 

crosslinks can be related to the larger and reduced number of pores (Fig. 3.6d) 

caused by PSPP supplementation, which may have resulted in the lower SLV and 

higher firming rate (Tables 3.1 and 3.3). 

Ultimately, for bread just after baking, the greater starch granule rupture 

of PSPP+AM+HC may have been caused by the greater susceptibility of amylose 

to the action of AM, as also reported by Blaszczak et al. (2004). Moreover, the more 

open network of PSPP+AM+HC (Fig. 3.7f) compared to the compact, close gluten 

network of the control (Fig. 3. 7b) may have resulted in the significantly higher SLV 

and GRD (Table 3.1 ). The same result was observed by Blaszczak et al. (2004) in 

wheat bread supplemented with fungal and bacterial AM. On the other hand, the 
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greater gelatinized starch-gluten interaction observed in PSPP bread (Fig. 3.7d) 

may have caused the lower SLV and GRD (Table 3.1). 

3.4.6 Sensory Properties of Breads 

PSPP-supplementation significantly affected the perceived purple color 

from no purple color in the control to moderately purple in PSPP and 

PSPP+AM+HC bread which can be attributed to the natural dark purple color of 

Ayamurasaki sweet potato powder (Kano et al. 2005; Montilla et al. 2011; Ray et 

al. 201). Moreover, sweet potato aroma and flavor was not perceived in the control 

but it was moderately perceived in PSPP and PSPP+AM+HC breads. All bread 

treatments were evaluated to have moderate elasticity and cohesiveness (Table 3. 7). 

In terms of hardness, PSPP bread was evaluated slightly hard while the 

control was perceived as neither hard nor soft. On the other hand, the enzyme 

treated PSPP-supplemented bread was perceived to have soft crumb. This may be 

is the main reason for significantly higher overall acceptability of PSPP+AM+HC 

than the control and PSPP-supplemented bread. The judges like the control and 

PSPP bread while the PSPP+AM+HC was liked very much (Table 3.7). 

3.5 Conclusion 

Our results demonstrated that PSPP supplementation results in bread with 

a higher firming rate, which can be attributed to the high damaged starch content of 

PSPP causing greater starch-gluten interaction, as shown by its dough structure. 

However, moisture loss and rupture force of PSPP bread was the same as the control, 

which can be attributed to the high water holding capacity of sugars in PSPP. In 

terms of sensory properties, PSPP supplementation resulted in slightly hard bread 
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perceived to have moderate purple color, sweet potato aroma and flavor. 

On the other hand, treatment with AM and HC resulted in bread with lower 

firming rate, enthalpy change for retrogradation, amylose content, rupture force and 

energy, and moisture loss during storage. These improvements are related to the 

anti-staling properties of AM and HC, resulting in lower starch-gluten interaction, 

as shown by the dough and bread structures. Moreover, the sugar and dextrin 

products of AM and HC hydrolysis prevents moisture loss and starch retrogradation, 

resulting in lower firming rate and rupture properties. Ultimately, enzyme treatment 

resulted in softer bread than the control and PSPP which liked very much by the 

judges. These enhanced textural properties, enthalpy change for retrogradation and 

structure indicate a more acceptable bread, potentially leading to the increased 

utilization of purple sweet potato in the baking industry. 
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Chapter 4 

Noodle Qualities of Fresh Pasta Supplemented with Various 

Amounts of Purple Sweet Potato Powder 

4.1 Introduction 

Pasta is generally a simple dough product made of durum wheat semolina 

and water, which is obtained by extrusion or lamination and successive drying 

(Alexander, 2000; Carini et al. 2009). Fresh pasta, on the other hand, is usually 

made of common wheat flour and is not subjected to drying, but it is pasteurized 

and stored at temperatures <4 °C (Carini et al. 2010). Pasta, including fresh pasta, 

is one of the most consumed food product in the world due to its ease of cooking 

and nutritional qualities (Brennan et al. 2004; Nouviaire et al. 2008). In addition, 

durum wheat semolina pasta, common wheat flour fresh pasta and starch noodles 

are considered healthy and an ideal food to be enriched with nutrients (Silva et al. 

2013). 

Sweet potato is an abundantly available, inexpensive food crop in 

developing countries, however, it still remains an underutilized food resource 

(Hathorn et al. 2008). It is of significant socio-economic importance because of 

its high nutrient, and superior carotenoid and anthocyanin contents, which are 

responsible for the stable yellow, orange and purple colors of sweet potato varieties 

(Yang and Gadi, 2008; Antonio et al. 2011; Lu and Gao, 2011 ). Their superior 

biochemical and nutritional composition makes them a better alternative than 
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synthetic food colorants, and give them high potential as value-added and 

functional food products in the human food systems (Suda et al. 2003; Bovell­

Benjamin, 2007). "Ayamurasaki" is a purple sweet potato variety that has received 

much attention because of its nutritional value and heat stable anthocyanin content 

(Oki et al. 2002; Bovell-Benjamin, 2007). The stability of anthocyanin in purple­

fleshed sweet potato has been confirmed at steaming and baking temperatures (Kim 

et al. 2012). In this regard, "Ayamurasaki" has been used as a natural food colorant 

in beverages, confectionery, bread and noodles (Oki et al. 2002; Suda et al. 2003; 

Yang and Gadi, 2008; Choi et al. 2011). However, sufficient studies about the use 

of "Ayamurasaki" purple sweet potato powder for pasta processing and its effect 

on noodle quality have not yet been performed. 

"Yumehiryu" is the wheat flour milled from "Yumechikara" that has low 

ash content, bright color and high protein content, and produces extra strong dough 

making it suitable for fresh pasta processing (Ito et al. 2012). In this study, the effect 

of purple sweet potato powder (PSPP) supplementation on the moisture content, 

cooking quality, color, texture, rupture and sensory properties of "Yumehiryu" 

fresh pasta was evaluated. 

4.2 Materials and Methods 

4.2.1 Fresh pasta treatments and preparation 

Fresh pasta was prepared using the following formulation as the control: 

200g Yumehiryu wheat flour based on 13.5% moisture (Nisshin Flour Milling Co. , 

Ltd. , Tokyo, Japan), 3g salt (The Salt Industry Center of Japan, Tokyo, Japan), 3g 

olive oil (J-Oil Mills, Inc. , Tokyo, Japan) and 65g water. For the supplemented 
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treatments, 2.5, 5.0, 7.5, 10% of the original wheat flour was replaced with purple 

sweet potato powder (PSPP) (Kumamoto Flour Milling Co. , Ltd. , Kumamoto, 

Japan). All ingredients were mixed using a food processor (MK-K80P-W, 

Panasonic Corporation, Osaka, Japan) for 1 min at high speed and extruded through 

dice no.15 using a pasta machine (SIRIOMATIC TR-5, Imperia Corporation, Italy). 

The extruded fresh pasta were cut into approximately 20cm strips using kitchen 

scissors and stored for 2 hrs at 20 °C in a polyethylene bag. Raw fresh pasta strips 

were boiled for 3 and 7 min in 3L boiling water, and cooled in a water bath at 20 °C 

for 3min. Excess water on the surface of the fresh pasta was wiped using tissue 

paper. 

4.2.2 Moisture content and cooking quality of fresh pasta 

Moisture content of the raw and boiled fresh pastas was determined based 

on the AOAC official method (AOAC, 2000). After removing the excess water, the 

boiled fresh pastas (B) were weighed and then dried in an air oven at 135°C for 3hrs 

to determine the remaining dry matter (R). The cooking weight gain (CWG) and 

cooking dry matter loss (CDML) were determined as percentage of initial dry 

matter, dry matter of raw fresh pastas, (I) by using the following equations CD and 

®, respectively. 

B - R  
CWG(%)  = --- X 100 ------CD 

I 

CDML(%) = 
1 - R  

I 
X 100 ------------ ® 
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4.2.3 Texture properties of fresh pasta 

Texture profile of raw and boiled fresh pastas were determined using a 

creep meter (model RE2-33005C, YAMADEN Co., LTD., Tokyo, Japan) fitted 

with a 2N load cell. 5-cm long fresh pastas were compressed twice up to 70% strain 

rate of the original thickness using cylindrical plunger of a 3-mm diameter (Type 

No.4) in a flat sample stage (Type No. I )  at a speed of0.5mm/s. Hardness, elasticity, 

cohesiveness, gumminess, chewiness and thickness of the fresh pastas were 

calculated from the resulting stress-strain curves. 

4.2.4 Rupture properties of fresh pasta 

Rupture properties of raw and boiled fresh pastas were measured using a 

creep meter (model RE2-33005C) fitted with a 2000 g load cell as presented by Ito 

et al. (2012). Rupture test was determined using a wedge plunger (Type No.49). 

The 5-cm-long pasta strips were placed in the center of the sample stage (Type 

No. I )  and ruptured crosswise at a speed of 5mm/s up to 0.9 strain. Rupture force 

(RF), rupture deformation (RD) and rupture energy (RE) were calculated based 

from the force-deformation curves. 

4.2.5 Color measurements and images of raw and boiled noodles 

Color of the raw and boiled noodles were determined using a colorimeter 

(CR-400, Konica Minolta Sensing, Inc. , Tokyo, Japan) using the Commission 

International Del'Eclairage (CIE) L*(brightness) a* (red-green) b*(yellow-blue) 

color system. The images of three noodles arranged side-by-side with 1cm intervals 

were recorded with a scanner (model GT-S630, Seiko Epson Corporation, Suwa, 

Japan). 
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4.2.6 Sensory Evaluation 

Quantitative descriptive analysis of 3 mm boiled PSPP-supplemented 

fresh pasta in terms of purple color (1-no purple to 9-extremely purple), sweet 

potato flavor (1-not perceivable to 9-extremely strong), sweet potato taste (1-not 

perceivable to 9-extremely strong), hardness ( I -extremely soft to 9-extremely hard), 

elasticity ( I -extremely low to 9-extremely high), cohesiveness ( I -extremely low to 

9-extremely high) and overall acceptability ( I -disliked extremely to 9-liked 

extremely) were evaluated and compared with the control. 

4.2. 7 Statistical analysis 

Statistical analysis was performed using SPSS for Windows (ver. 17.0). 

ANOVA and Tukey's multiple range tests were used to compare means at a 5% 

significance level. Pearson's bivariate test was used to evaluate the correlation of 

parameters. All data except for MC, CWG, CDML, color properties and sensory 

evaluation were measured eight times. MC, CWG and CDML were performed in 3 

times and color properties were measured 10 times, whereas sensory evaluation was 

carried out with 18 judges. 

4.3 Results 

4.3.1 Moisture content and cooking properties of fresh pasta 

The moisture content, and cooking properties of raw and boiled fresh 

pastas supplemented with PSPP are presented in Fig. 4.1 and 4.2, respectively. Fig. 

4.1 shows that the moisture content of raw fresh pasta supplemented with 5.0, 7.5 

and 10% PSPP were significantly higher than the control (p<0.05). Similarly, after 

boiling for 3 min, all PSPP supplemented fresh pasta had significantly higher 
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Fig. 4. 1 .  Moisture content of raw and boiled fresh pastas 1 
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Fig. 4 .2 .  Cooking properties of fresh pastas 1 
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The data points followed by different letters within series are significantly different (p<0.05) .  

Abbreviations : PSPP, purple sweet potato powder 

moisture content than the control (p<0.05). Moreover, after boiling for 7 min, fresh 

pasta supplemented with 5.0, 7.5 and 10% PSPP also resulted to be significantly 

higher than the control (p<0.05). In terms of cooking properties, Fig. 4.2 shows that 

the cooking weight gain (CWG) of all PSPP supplemented fresh pasta after boiling 

for 3 and 7 min were significantly lower than the control (p<0.05). On the other 

hand, the cooking dry matter loss (CDML) of all PSPP supplemented fresh pasta 
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after boiling for 3 and 7 min were significantly higher than the control (p<0.05). 

4.3.2 Texture properties of fresh pasta 

Table 4.1 shows the texture properties of fresh pastas supplemented with 

PSPP. Results showed that the hardness, gumminess and chewiness of all PSPP­

supplemented raw and boiled fresh pastas were significantly lower than the control. 

Similarly, the cohesiveness of all PSPP-supplemented raw fresh pasta was 

significantly lower than the control (p<0.05). For fresh pastas boiled for 3 and 7 

min, the cohesiveness of 10% PSPP was significantly lower than the control and 

other treatments. Moreover, Table 4.1 shows that the elasticity of all PSPP­

supplemented raw fresh pasta were significantly higher than the control (p<0.05), 

while the thickness of raw fresh pasta supplemented with more than 5.0% PSPP 

was significantly higher than the control (p<0.05). Similarly, the thickness of all 

boiled PSPP-supplemented fresh pasta were significantly higher than the control 

(p<0.05). For the effect of boiling on texture, results showed that the hardness, 

gumminess and chewiness of all boiled fresh pastas were significantly lower than 

the raw fresh pastas (p<0.05). On the other hand, the elasticity and cohesiveness of 

boiled fresh pastas were significantly higher than the raw fresh pastas (p<0.05). 

Furthermore, elasticity and cohesiveness of fresh pastas boiled for 7 min were 

significantly higher than the fresh pastas boiled for 3 min in all treatments (p<0.05). 

Table 4.1 also shows that the boiled fresh pastas were significantly thicker than the 

raw fresh pastas (p<0.05). Ultimately, the fresh pastas boiled for 7 min were 

significantly thicker than the fresh pastas boiled for 3 min (p<0.05). 
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Table 4 . 1 .  Texture properties of fresh pastas supplemented with PSPP t )  

Pasta 
Raw Boiled for 3 min Boiled for 7 min 

Treatment 

Hardness (N) 
Control 6 .25±0 . 1 5  c, B 0 .74±0 .0 1  d, A 0 .68±0.008 d, A 

2 . 5% PSPP 4 .26±0 . 1 1 b, C 0 .7 1±0.0 1 c, B 0 .63±0.0 l c , A 
5 .0% PSPP 3 .52±0 .09 a, C 0 .7 1±0 .007 c, B 0 .6 1 ±0.0 1 c, A 
7 . 5% PSPP 3 .5 1 ±0 . 1 2  a, B 0 .65±0.0 1 b, A 0 .60±0 .004 b, A 
1 0% PSPP 3 .44±0 .05 a, C 0 .62±0 .0 1  a, B 0 .5 8±0 .0 1 a, A 

Cohesiveness (-) 
Control 0 .5 3±0.03 c, A 0 .67±0 .007 b, B 0 .72±0 .0 1  b, C 

2 . 5% PSPP 0 .44±0 .04 b, A 0 .67±0 .0 1  b, B 0 .7 1 ±0.0 1 b, C 
5 .0% PSPP 0 .44±0 .009 b, A 0 .67±0.008 b, B 0 .72±0 .007 b, C 
7 . 5% PSPP 0 .4 1 ±0 .005 ab, A 0 .66±0.0 1 ab, B 0 .70±0 .0 1  ab, C 
l 0¾ PSPP 0 .3 9±0 .008 a, A 0 .65±0.0 1 a, B 0 .69±0 .02 a, C 

Elasticity (-) 
Control 0 .5 8±0 .007 a, A 0 .96±0 .003 a, B 1 .00±0 .004 a, C 

2 . 5% PSPP 0 .68±0.008 b, A 0 .95±0 .006 a, B 0 .99±0 .005 a, C 
5 .0¾ PSPP 0 .77±0 .006 c ,  A 0 .97±0 .005 a, B 1 .00±0 .03 a, C 
7 . 5% PSPP 0 .76±0 .03 c, A 0 .96±0 .03 a, B 1 .02±0 .03 a, C 
1 0% PSPP 0 .77±0 .007 c ,  A 0 .97±0 .02 a, B 1 .00±0.0 1 a, C 

Gumminess (N) 
Control 3 .30±0 . 1 1 d, B 0 .50±0 .0 l d, A 0 .49±0 .006 d, A 

2 . 5% PSPP 1 .85±0 . 1 7  c, B 0 .47±0 .005 c, A 0 .45±0 .02 c, A 
5 .0¾ PSPP 1 .54±0.02 b, C 0 .47±0 .009 c, B 0 .44±0.0 1 c, A 
7 . 5% PSPP 1 .43±0.06 ab, B 0 .43±0.008 b, A 0 .42±0.008 b, A 
I 0¾ PSPP 1 .3 6±0 .04 a, B 0 .40±0 .02 a, A 0 .40±0.0 I a, A 

Chewiness (-) 
Control 1 .92±0 .07 c, B 0 .48±0.0 1 d, A 0 .49±0 .005 d, A 

2 . 5% PSPP 1 .26±0 . 1 1 b, B 0 .45±0 .006 c, A 0 .44±0.0 1 c, A 
5 .0% PSPP 1 . 1 9±0 .02 b, C 0 .450 .007 c, B 0 .44±0 .004 c, A 
7 . 5% PSPP 1 .09±0 .03 a, B 0.4 1±0 .009b, A 0 .42±0 .006 b, A 
1 0% PSPP 1 .04±0 .03 a, B 0 . 39±0.0 1 a, A 0 .40±0 .008 a, A 

Thickness (mm) 
Control 1 . 1 0±0.02 a, A 1 .32±0 .009 a, B 1 .42±0.0 1 a, C 

2 . 5% PSPP 1 . 1 2±0 .009 ab, A 1 .3 9±0 .004 b, B 1 .46±0.008 b, C 
5 .0¾ PSPP 1 . 1 3±0.09 b, A 1 .3 9±0 .02 b, B 1 .47±0.0 1 b, C 
7 . 5% PSPP 1 . 1 9±0.008 c ,  A 1 .43±0.0 1 c, B 1 .49±0 .006 c, C 
I 0¾ PSPP 1 . 1 9±0 .007 c ,  A 1 .45±0 .009 c, B 1 .5 3±0 .007 d, C 

1 )Each value is the mean ± SD. The values followed by different small and capital letters within column 
and row, respectively, are significantly different (p<0.05) .  

Abbreviations : PSPP, purple sweet potato powder 

4.3.3 Rupture properties of fresh pasta 

Table 4.2 shows that the rupture force (RF) and rupture energy (RE) of all 
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PSPP-supplemented raw and boiled fresh pasta were significantly lower than the 

control (p<0.05). On the other hand, the rupture deformation (RD) of raw fresh 

pasta supplemented with 10% PSPP was significantly higher than the control and 

raw fresh pasta supplemented with 2.5% PSPP (p<0.05). Similarly, the RD of all 

PSPP-supplemented boiled fresh pastas were significantly higher than the control 

(p<0.05). 

For the effect of boiling on rupture properties, results showed that the RF 

of boiled fresh pastas were significantly lower than the raw fresh pastas (p<0.05). 

The RE of boiled fresh pastas were significantly lower than the raw fresh pasta 

(p<0.05). Furthermore, the RE of fresh pastas boiled for 7 min were also 

significantly lower than fresh pastas boiled for 3 min in all treatments (p<0.05). On 

the other hand, the RD of boiled fresh pastas was significantly higher than the raw 

fresh pasta (p<0.05),while the RD of fresh pasta boiled for 7 minutes was 

significantly higher than the fresh pasta boiled for 3 min in all treatments (p<0.05). 

4.3.4 Color properties of fresh pastas 

Table 4.3 shows the color properties of raw and boiled fresh pastas. 

Results showed that the L * value of raw and boiled fresh pastas were significantly 

different from each other and decrease with the higher concentration of PSPP 

(p<0.05). For the effect of boiling on the color of pasta, results showed that the L * 

value of all boiled fresh pasta and those supplemented with PSPP were significantly 

higher than the raw fresh pasta (p<0.05). Moreover, the L *value of fresh pasta 

boiled for 7 min were significantly higher than the fresh pasta boiled for 3 min in 

all treatments (p<0.05). 
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Table 4.2. Rupture properties of PSPP-supplemented fresh pastas 1 l 

Pasta Raw Boiled for 3 min Boiled for 7 min Treatment 

RF (N) 
Control 1 5 .76±0 . 1 3  C ,  8 2 .42±0 .02 d, A 2 .40±0 .03 C, A 

2 . 5% PSPP 1 3 .44±0 . 1 8  b, C 2 .32±0 .04 C, 8 2 . 1 4±0 .06 b, A 
5 .0% PSPP 1 3 .3 1±0 .05 b, C 2 .20±0.07 b, B 2 .06±0.05 a, A 
7 . 5% PSPP 1 3 .0 1 ±0.02 a, C 2 . 1 9±0 .04 b, B 2 .05±0.06 a, A 
1 0% PSPP 1 2 .90±0 . 1 4  a, B 2 . 1 1 ±0.02 a, A 2 .03±0.03 a, A 

RE (J) 
Control 2 .2 5xl o-3±4 . 1  xi 0-5 d, C I .  l l x l  o-3± 1 .37xl  0-5 b, B 1 .03x l  o-3±6 . 1 3x l  o-6 d, A 

2 . 5% PSPP 3 .6 1 x1 0-3±4 .53x1 0-5 c, C 1 .04x1 0-3±3 .08x1 0-5 a, B 9 .8 l x1 0-4± 1 .43x1 0-5 c, A 
5 .0% PSPP 3 .5 6xl o·3±4 .92xl 0·5 be, C 1 .04xl o·3±5 .05xl o-6 a, B 9 .46xl o·4±3 .60xl o-6 b, A 
7 . 5% PSPP 3 .5 1 x1 0-3± 1 .9 1x 1 0-5 ab, C 1 .04x1 0-3±7 .69x1 0-6 a, B 9 .3 8x1 0-4± 1 .28x 10 -5 ab, A 
1 0% PSPP 3 .5 0x1 0-3±3 .77x10 -5 a, C 1 .03xl o·3±2 .22xl 0·5 a, B 9 .20xl o·4± 1 .84xl 0·5 a, A 
RD (mm) 
Control 1 .00±0.0 1 a, A 1 . 1 3±0.00 a, B 1 .26±0.0 1 a, C 

2 . 5% PSPP 1 .00±0.00 a ,  A 1 .2 1±0.02 b, B 1 .29±0 .00 b, C 
5 .0% PSPP 1 .02±0 .02 ab, A J .23±0.00 C, 8 1 .29±0 .02 b, C 
7 . 5% PSPP 1 .02±0 .02 ab, A 1 .23±0.0 1 c, B 1 .29±0 .02 b, C 
1 0% PSPP 1 .02±0.00 b, A 1 .23±0.0 1 C, B 1 .3 0±0 .02 b, C 

1 )Each value is the mean ± SD. The values followed by different small and capital letters within column and row, respectively, 
are significantly different (p<0.05). 

Abbreviations: PSPP, purple sweet potato powder; RF, rupture force; RE. rupture energy; RD, rupture deformation 

In terms of a* value, Table 4.3 shows that the control was the lowest 

among all treatments (p<0.05). The a* value of raw fresh pastas increase with the 

increase in amount of supplemented PSPP and were significantly different with 

each other except for 7.5 and 10% PSPP (p<0.05). Similarly, the a* value of fresh 

pastas boiled for 3 and 7 min were significantly different from each other, and 

increase with the increase in concentration of PSPP supplemented (p<0.05). For the 

effect of boiling, results showed that the a* value of the control, 2.5 and 5.0% PSPP 

fresh pasta boiled for 3 min were significantly lower than the raw fresh pasta 

(p<0.05). While the a* value of 10% PSPP boiled for 3 min was significantly higher 

than the raw fresh pasta. Moreover, the a* value of all PSPP-supplemented fresh 

pasta boiled for 7 min were significantly lower than the pasta boiled for 3 min. 
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Table 4.3 .  Color properties of fresh pastas supplemented with PSPP I )  

Pasta 
Raw Boiled for 3 min Boiled for 7 min 

Treatment 

L * value 

Control 7 8 . 1 8±0 .96 e ,  A 78 .03±0 .34  e, A 79 .24±0 . 36  e, B 

2 . 5% PSPP 56 .25±0 .4 1  d, A 60.25±0 .49 cl, B 63 .94±0 . 59  d, C 

5 .0% PSPP 46 .56±0 .57  c ,  A 5 1 . 1 1 ±0 .48 c, B 5 5 .43±0 . 33  c, C 

7 . 5% PSPP 4 1 .32±0 .50  b, A 45 . 53±0 .74 b, B 49 .79±0 .70 b, C 

1 0% PSPP 3 8 .6 1 ±0 . 58  a, A 4 1 .06±0 .62 a, B 46 .53±0 .76 a, C 

a* value 

Control -2 .3 0±0 .22 a, B - 3 . 59±0 .04 a, A -3 .6 1 ±0 .03 a, A 

2 . 5% PSPP 1 5 .04±0 .33  b, C 9 .62±0 . 33  b, B 5 .89±0 .22 b, A 

5 .0% PSPP 1 9 .48±0 .60 c ,  C 1 6 .3 6±0 . 1 8  c, B 1 1 . 1 0±0 .33  c, A 

7 .5% PSPP 2 1 .52±0 .53  d, B 2 1 . 1 4±0 .43 cl, B 1 6 .40±0 .62 d, A 

1 0% PSPP 2 1 .77±0 . 36  d, B 22.3 7±0 . 59  e, C 1 8 .08±0 .45 e, A 

b* value 

Control 22 .4 1 ±0 . 89  e ,  C 1 3 .77±0 .23 e, B 1 1 .75±0 .27 e, A 

2 . 5% PSPP 1 . 1 6±0 .08 cl, B 0 .67±0 .20 cl, A 1 . 1 0±0 . 1 2  cl, B 

5 .0% PSPP -4 .88±0 . 1 0  c ,  B - 5 . 36±0 . 1 2  c , A -4 .92±0 . 1 0  c, B 

7 . 5% PSPP -7 .  1 2±0 .1 0 b, C -8 .69±0 . 1 6  b, A -8 .43±0 .09 b, B 

1 0% PSPP -8 . 1 9±0 . 1 3  a, C - 1 0 .7 1 ±0.09 a, A - 1 0 .4 1 ±0 . 1 6  a, B 

1 )Each value is the mean ± SD. The values followed by different small and capital 
letters within column and row, respectively, are significantly different (p<0.05) .  

Abbreviations: PSPP, purple sweet potato powder; L * , degree of lightness or 
darkness; a* , degree ofredness or greeness; b* ,  degree of yellowness or blueness 

Furthermore, Table 4.3 shows that the b* value of raw fresh pasta were 

significantly different from each other and decrease with the higher concentration 

of supplemented PSPP (p<0.05). Similar trend can be observed among fresh pasta 

treatment boiled for 3 and 7 min (p<0.05). For the effect of boiling, results showed 

that the b* value of all treatments boiled for 3 min were significantly lower than the 

raw fresh pastas (p<0.05). While the b* value of control fresh pasta boiled for 7 

min was significantly lower than the control pasta boiled for 3 min (p<0.05). 

Moreover, the b*value of all fresh pasta supplemented with PSPP and boiled for 7 

min were significantly higher than the fresh pasta boiled for 3 min ( p<0.05). 
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Ultimately, the same color change can be observed in the photograph of 

raw and boiled fresh pasta. Wherein the increase in the concentration of PSPP 

resulted in darker and purpler fresh pasta as shown in Fig. 4.3 . In addition, a lighter 

color of fresh pasta can be observed after boiling for 3 and 7 min. 

4.3.5 Sensory properties of boiled fresh pasta 

Table 4.4 shows the quantitative descriptive evaluation of 3 min boiled 

fresh pasta in terms of purple color, sweet potato flavor, sweet potato taste, hardness, 

elasticity, cohesiveness and overall acceptability. Results showed that the purple 

color of boiled fresh pasta significantly increased with higher amount of PSPP 

(p<0.05). Table 4.4 also shows that the 2.5 and 5.0% PSPP-supplemented fresh 

pastas were perceived to have significantly higher sweet potato aroma than the 

control but significantly lower than the 7.5 and 10% PSPP-supplemented fresh 

pasta (p<0.05). On the other hand, the sweet potato flavor of fresh pastas 

significantly increased with higher amount of PSPP (p<0.05). Hardness of all 

PSPP-supplemented fresh pasta were evaluated to be significantly softer than the 

control (p<0.05). Elasticity and cohesiveness of all fresh pasta treatments were not 

significantly different from each other (p<0.05). Furthermore, Table 4.4 shows that 

the overall acceptability of 2.5 and 5.0% PSPP-supplemented fresh pasta were 

significantly different from each other and both significantly less acceptable than 

the control and 10% PSPP-supplemented fresh pasta (p<0.05). Ultimately, 7.5% 

PSPP was found to have the highest overall acceptability among the fresh pasta 

treatments (p<0.05). 
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Table 4.4. Sensory properties of boiled fresh pasta supplemented with PSPP I )  

Pasta Purple Sweet Potato Sweet Potato 
Hardness Elasticity Cohesiveness 

Overall 
Treatments Color Aroma Flavor acceptablity 

Control 1 .00±0 .00 a 1 .00±0.00 a 1 .00±0.00 a 5 .65±0 .53 C 4.97±0 .7 1 a 5 . 1 8±0 .25 a 5 . 39±0.3 8 C 

2 .5% PSPP 2 .93±0 .50 b 2 .27±0 .56 b 2 .28±0.49 b 4 .07±0.40 b 4 . 86±0 .39 a 5 . 1 7±0.40 a 4 .22±0 .35  a 
5 .0% PSPP 4 .9 1±0 . 35  C 2 .29±0.45 b 3 .42±0.75 C 3 .94±0.47 b 4 . 83±0.3 5  a 4 .98±0.37  a 4 . 8 1±0.45 b 
7 .5% PSPP 7 .67±0.44 d 3 .42±0.72 C 3 . 89±0.46 d 3 . 69±0 .39 b 4 .92±0 .59 a 5 . 1 1±0.65 a 6 .00±0.45 d 
1 0% PSPP 8 .48±0.49 e 3 . 8 1±0 . 8 1  C 4.44±0.40 e 3 .08±0 .56 a 4 . 86±0 .54 a 4 .98±0.32 a 5 . 1 4±0 .32 be 

! )Each value is the mean ± SD. The values followed by different letters within columns are significantly different (p<0.05) .  
Abbreviations : PSPP, purple sweet potato powder 
Quantitative descriptive analysis scale :  purple color, 1 -no purple to 9-extremely purple ;  sweet potato aroma, I -not 
perceivable to 9-extremely strong; sweet potato flavor, 1 -not perceivable to 9-extremely strong; hardness, I -extremely soft 
to 9-extremely hard; elasticity, I -extremely low to 9-extremely high; cohesiveness, I -extremely low to 9-extremely high; 
overall acceptability, I -disliked extremely to 9-liked extremely 



4.4 Discussion 

4.4.1 Moisture content and cooking properties of fresh pasta 

The higher moisture content of raw 5.0, 7.5 and 10% PSPP-supplemented 

fresh pasta as compared with the raw control can be attributed to the inherent sugar 

content and damaged starch content of PSPP which may have contributed to its 

higher water holding capacity (Park and Baik, 2002; Santiago et al. 2015b ). 

Similarly, the significantly higher moisture content of all PSPP supplemented fresh 

pasta boiled for 3 min, and of 5.0, 7.5 and 10% PSPP supplemented fresh pastas 

boiled for 7 min than their corresponding boiled control fresh pasta can be attributed 

to the higher water absorbing capacity related with the inherent sugar content and 

damaged starch content of PSPP (Park and Baik, 2002). 

On the other hand, the lower CWG of PSPP supplemented fresh pastas 

compared with the control and the decreasing trend of CWG with the increase in 

concentration of PSPP can be attributed with the loss of dry matter during cooking 

or boiling. This observation is supported by the high or significant inverse 

correlation of the CWG of PS PP-supplemented fresh pasta with their CDML with 

correlation coefficients of -0.667 and -0.985 (p<0.0 1) for fresh pasta boiled for 3 

and 7 min, respectively (p<0.01). These observations indicate the solubility of the 

high sugar, damaged starch and anthocyanin content of PS PP-supplemented fresh 

pasta to water during boiling (Hatcher et al. 2002). The same decrease in CWG and 

increase in cooking weight loss was observed by Li et al. (2012) with higher amount 

of yam flour proportion added to salted noodles. Moreover, the increase in cooking 

weight loss or CDML relates to the decrease in gluten protein content as reported 
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by Hou et al. (2013). 

4.4.2 Texture properties of fresh pasta 

The significantly lower hardness, cohesiveness, gumminess and chewiness 

of raw PSPP-supplemented fresh pasta compared with the control may be attributed 

to the high gelatinized and damaged starch content of PSPP resulting in weaker 

starch-protein interaction (Oh et al. 1985). The softer texture of raw PSPP­

supplemented fresh pasta can be also related with its higher moisture content as 

evidenced by the rather high inverse correlation of the hardness, cohesiveness, 

gumminess and chewiness of raw fresh pastas with their moisture content; the 

Pearson's correlation coefficient were -0.695, -0.624, -0.656 and -0.632, 

respectively. Correspondingly, the significantly higher MC of PSPP supplemented 

raw fresh pasta may have contributed to its softer texture (Kojima et al. 2004). 

Similar high or significant inverse correlation of hardness, cohesiveness, 

gumminess and chewiness of fresh pasta boiled for 3 and 7 min with their moisture 

content was observed having correlation coefficient ranges of -0.807 to -0.589 and 

-0.924 (p<0.05) to -0.835, respectively. Ultimately, this softer texture can be related 

with the high water absorbing capacity of the supplemented PSPP resulting in 

higher moisture content. On the other hand, the significantly higher elasticity ofraw 

PSPP-supplemented fresh pasta than the raw control can be attributed to the 

gelatinized starch of the supplemented PSPP which acts as binder between starch 

particles compensating the lack of gluten and reinforcing its elasticity (Wieser, 

2007; Chillo et al. 2009). The significantly higher thickness of raw fresh pasta 

supplemented with more than 5.0% PSPP than the control can be related with the 
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high gelatinized starch content of PSPP. Moreover, the significantly higher 

thickness of boiled PS PP-supplemented fresh pastas indicates greater swelling and 

water absorption related to the high sugar and damage starch content of PSPP (Oh 

et al. 1983; Hatcher et al. 2002; Park and Baik, 2002). Boiling resulted in softer 

texture of fresh pasta which can be related to the absorption of water and 

gelatinization of starch (Ishida et al. 2003). Moreover, boiling resulted in 

significantly higher elasticity and cohesiveness attributed to the gelatinization of 

the starch component of the fresh pasta providing a sticky and paste-like structure. 

Eventually, boiling the fresh pasta for longer time of 7 min resulted in higher degree 

of gelatinization of starch which explains its significantly higher elasticity and 

cohesiveness than the fresh pasta boiled for 3 min. 

4.4.3 Rupture properties of fresh pasta 

The significantly lower RF and RE of all raw PSPP-supplemented fresh 

pasta and higher RD of 10% PSPP compared with the control indicates that PSPP­

supplementation results in softer texture. This was evidenced by the high or 

significant correlation of the RF (r=0.983, p<0.01) and RE (r=0.985, p<0.01), and 

inverse correlation of the RD (r=-0.808) of raw fresh pasta with hardness of texture 

properties. Correspondingly, the significantly higher MC of PSPP supplemented 

raw fresh pasta may have contributed to its lower RF and RE and higher RD (Fig. 

4.1). This is verified by the considerably high or significant inverse correlation of 

RF and RE, and direct correlation of RD with the MC of raw fresh pasta having 

correlation coefficients of -0.599, -0.589 and 0.941 (p<0.05), respectively. 

Similarly, the significant lower RF and RE, and higher RD of all boiled 
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PSPP-supplemented fresh pasta confirm its softer texture than the control. This 

relates with the rather high or significant correlation of RF (r=0.876 (p<0.05) -

0.967 (p<0.01)) and RE (r=0.688 to 0.989 (p<0.01)) and inverse correlation of RD 

(r=-0.688 to -0.9525 (p<0.05)) with the hardness of boiled fresh pastas on texture 

properties. Moreover, the RF (r= -0.680 - -0. 779) and RE (r= -0.500 - -0. 777) 

showed the rather high inverse correlation, whereas RD (r=0.496-0.645) directly 

and considerably correlates with the MC of boiled fresh pasta. Hence, these show 

that the rupture properties of fresh pasta are influenced by their moisture content 

related with the high water absorbing capacity of PSPP (Fig. 4.1). 

The significantly lower RF and RE and higher RD of boiled fresh pasta 

indicates softer texture which can be attributed to the gelatinization of starch and 

absorption of water during boiling (Ishida et al. 2003). Furthermore, the 

significantly lower RE and higher RD of fresh pasta boiled for 7 min than the fresh 

pasta boiled for 3 min can be related with the higher degree of gelatinization and 

water absorption. 

4.4.4 Color properties of fresh pastas 

PSPP-supplementation resulted in darker, bluer and redder color of raw 

and boiled fresh pasta as indicated by the significant decrease in L * and b* value, 

and increase in a* value (Table 4.3), respectively. As also shown in Fig. 4.3, the 

darker, bluer and redder purple color of PSPP-supplemented fresh pastas can be 

attributed to the dark purple anthocyanin pigments of PSPP (Kano et al. 2005; 

Montilla et al. 2011). 

On the other hand, boiling resulted in lighter color of fresh pasta as 
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indicated by the significantly higher L * value compared with the raw fresh pasta. 

Boiling of the control fresh pasta also resulted in greener color as indicated by their 

significantly lower a* value compared with the raw control fresh pasta. Boiling for 

3 min significantly decreased the degree of redness of 2.5 and 5.0% PSPP fresh 

pasta as evidenced by their lower a* value than the raw pasta, while for 10% PSPP­

supplemented fresh pasta, the degree of redness was intensified after boiling for 3 

min. The significant decrease in b* value of the control and 2.5% PSPP boiled for 

3 min means lower degree of yellowness than the raw fresh pasta. Conversely, the 

decrease in b* value of 5.0, 7.5 and 10% PSPP after boiling for 3 min indicates 

higher degree of blueness compared with the raw fresh pasta. Ultimately, the 

significantly higher L * and b* value, and lower a* value of all PSPP-supplemented 

fresh pasta boiled for 7 min than the pasta boiled for 3 min signify lower degree of 

darkness, blueness and redness, respectively. This lighter and less purple color of 

fresh pasta boiled for 7 min indicate leaching of water soluble anthocyanin due to 

longer boiling time. 

4.4.5 Sensory properties of boiled fresh pasta 

PSPP-supplementation significantly affect the perceived purple color of 3 

min boiled fresh pastas. The fresh pastas were perceived to have no purple color for 

the control to extremely strong purple color for the 10% PS PP-supplemented fresh 

pasta. While the 2.5, 5.0 and 7.5% PSPP fresh pastas were evaluated to have slight, 

moderate and very strong purple color, respectively (Table 4.4). 

The sweet potato flavor was not perceived in the control, whereas, it was 

barely perceivable in the 2.5 and 5.0% PSPP fresh pasta. Moreover, the 7.5 and 
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10% PSPP fresh pastas were evaluated to have slightly perceivable sweet potato 

flavor. On the other hand, the judges evaluated that the sweet potato taste of the 

fresh pastas ranged from not perceivable for the control to moderately perceivable 

for the 10% PSPP. The 2.5, 5.0 and 7.5 PSPP fresh pastas were rated to have barely, 

slightly and slight-moderately perceivable sweet potato taste, respectively (Table 

4.4). 

The hardness of the control fresh pasta was rated to be slightly hard, 

whereas, the 2.5, 5.0 and 7.5 % PSPP were evaluated as slightly soft. The 10% 

PSPP was judged as soft fresh pasta (Table 4.4). All fresh pastas were perceived 

to have moderate elasticity and cohesiveness (Table 4.4). The judge's perception 

of the hardness to show much difference among all samples considerably correlates 

with the hardness on texture properties measured using the creep meter, with 

correlation coefficients of 0.857. 

The judges slightly disliked the 2.5% PSPP, whereas the control, 5.0%, 

and 10.0% PSPP were neither liked nor disliked. Ultimately, the 7.5% PSPP was 

liked slightly and perceived as the most acceptable among the all fresh pasta 

treatments (Table 4.4). These results generally agree with the not-significantly 

different overall acceptability of cooked salted noodles supplemented with purple 

yam flour with the control as reported by Li et al. (2012). 

4.5 Conclusion 

PSPP-supplementation improved the water holding and absorbing 

capacities of fresh pasta resulting in softer texture as evidenced by the inverse 

correlation of their moisture content with hardness, rupture force and rupture energy. 
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Moreover, PSPP provides higher amount of gelatinized starch resulting in softer 

and more elastic raw fresh pasta. Ultimately, PSPP provides dark purple color 

attributable to the intrinsic anthocyanin content. 

On the other hand, sensory evaluation show that PSPP-supplementation 

results in fresh pasta with slight to extremely strong purple color, barely to slightly 

perceivable sweet potato flavor, barely to moderately perceivable sweet potato taste, 

slightly soft to soft firmness, and moderate elasticity and cohesiveness. Furthermore, 

the overall acceptability of the 5% and 10% PSPP were neither liked nor disliked 

along with the control, whereas the 7.5% PSPP has a slightly higher acceptability. 

These results indicate that PSPP-supplementation gives rise to acceptable fresh 

pasta that may potentially lead to the increased utilization of PSPP in noodle 

processmg. 
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Chapter 5 

Summary, Conclusion and Recommendations 

In the past two decades the development of functional food became very 

popular. Today, the demand of consumers for food is not only on the basis of hunger 

satisfaction but also considers its functionality in preventing nutrition-related 

diseases, and improving human well-being. Colored non-cereal energy crops such 

as purple potato, yam and sweet potato are utilized for the production of functional 

food products due to their stable color and inherent high concentration of bioactive 

compounds like anthocyanin, carotenoids, phenolic acids and essential amino acids. 

As functional food, these non-cereal crops have given rise to the creation of 

specialty breads and pastries that has added nutrients, flavor and color, and colored­

noodles that has added phytochemicals known for beneficial effects on human 

health. 

This study utilized the purple sweet potato powder (PSPP) in the 

processing of bread and fresh pasta, and its effects on bread and noodle making 

qualities were determined. 

This study showed that PSPP-substitution results in bread with darker crust 

and light purple crumb that were attributed to the reducing sugar and natural purple 

color of the anthocyanin pigments contributed by the PSPP. However, PSPP­

substitution also resulted in low gas retention of dough (GRD) and specific loaf 
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volume (SLV) which is related to the lack of gluten protein as well as with the high 

damaged starch and fiber contents of PSPP. Moreover, PSPP supplementation 

produced bread with a higher firming rate caused by greater gelatinized starch­

gluten interaction, as shown by the structure of dough, and attributed to the high 

damaged starch content of PSPP. Moisture loss and rupture force of PSPP bread 

were the same as the control, which can be related with the high water holding 

capacity of sugars in PSPP. In this regard, PS PP-substitution has been confirmed to 

affect the bread making quality and texture of bread by giving the crumb a slightly 

hard, and moderately elastic and cohesive characteristic. Nevertheless, PSPP was a 

good natural colorant as shown by the judges' perception of a moderate purple color 

that they liked. 

On the other hand, the a-amylase (AM) and hemicellulase (HC) treatments 

on PSPP dough improved the GRD, GP and SL V of the resulting bread brought 

about by the degradation of damaged starch and hemicellulose into mono-, di- and 

oligo-saccharides, which do not interfere with the formation of the gluten network 

during bread dough development. The activities of AM and HC were evidenced by 

the increase in soluble sugar, reducing and total sugar content, and decrease in 

damaged starch, apparent amylose, neutral detergent fiber, acid detergent fiber and 

hemicellulose contents of the bread dough. 

Treatment with AM and HC also resulted in bread with lower firming rate, 

enthalpy change for retrogradation of starch, amylose content, rupture force and 

energy, and moisture loss during storage. These improvements are related with the 

anti-staling properties and hydrolytic activities of AM and HC resulting in the 
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production of sugar and dextrin products that prevents moisture loss and starch 

retrogradation, and lower starch-gluten interaction, as shown by the dough and 

bread structures. The perceptions of a moderate purple color, and enhanced 

textural properties, enthalpy change for retrogradation of starch and structure, 

indicate a more acceptable bread, than can potentially lead to the increased 

utilization of purple sweet potato in the baking industry. 

PSPP-substitution also imparted a slight to extremely strong purple color, 

barely to slightly perceivable sweet potato flavor, barely to moderately perceivable 

sweet potato taste, slightly soft to soft firmness, and moderate elasticity and 

cohesiveness to "extra strong flour" fresh pasta. The imparted color is attributable 

to the natural dark purple color of PSPP. On the other hand, the soft and moderately 

elastic and cohesive texture of the PSPP-supplemented fresh pasta can be related to 

its improved water holding and absorbing capacities as evidenced by the inverse 

correlation of their moisture content with hardness, rupture force and rupture energy. 

Moreover, PSPP provides higher amount of gelatinized starch resulting in a softer 

and more elastic raw fresh pasta. Ultimately, the overall acceptability of the 5% 

and 10% PSPP were neither liked nor disliked along with the control, whereas the 

7.5% PSPP was slightly liked. These results indicate that PSPP-supplementation 

gives rise to acceptable fresh pasta that may potentially lead to the increased 

utilization of PSPP in noodle processing. 

This study proved that purple sweet potato is a stable natural colorant that 

imparts acceptable color to bread and fresh pasta. Although it affects the bread 

making and noodle making properties, some processing techniques like enzyme 
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treatments can be done to maintain an acceptable quality. With regards to this, 

further utilization of purple sweet potato powder in other baked products like cake, 

confectioneries, steamed bread can be done. In addition, the determination of the 

effects of purple potato and purple yam substitution in baking and noodle 

processing should be explored and compared with purple sweet potato powder. 

Ultimately, the antioxidant and other functional property analysis of colored non­

cereal energy crops-supplemented bread and noodle products should be done to 

establish the potential health benefits of the products to consumers. 
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JAPANESE SUMMARY 

日本語要約

過去20年において、 機能性食品の開発は、 非常に一 般的になった。 今日、 食品に

対する消費者の要求は、 空腹を満たすだけでなく、 栄養に関する病気、 人々の幸福度

の改善も包含している。 紫ポテト、 ヤム、 スイートポテトのような非穀物性カラフル

作物が機能性食品の生産のために利用されており、 それは、 それらが化学的に安定な

色とアントシアニン、 カロチノイド類、 フェノール酸、必須アミノ酸類のような固有

の生理活性物質 を包含しているからである。 機能性食品として、 これらの非穀物性作

物は、 栄養素類、 風味、 色が付与された特殊パンやペ ーストリー、 人々の健康に関し

て効果が明らかになっているファイトケミカル類が付与されたカラフル麺の開発 を

可能にする。

本研究では、パンと生パスタの加工に紫スイートポテト粉末(PSPP)を利用し、

その製パン、 製麺性に対する効果が評価された。

これらの研究から、PSPPの添加よって暗色のクラストと明るい紫色のクラム を

持ったパンが得られることが判った。そして、それは、PSPP中に含まれる還元糖、

アントシアニン色素の紫色に関係していた。 しかしながら、 PSPPの添加は、 低い

生地のガス保持性(GRD)とパンの比容積(SLV) をもたらし、 それは、 PSP

P中の高い損傷デンプン量と繊維含量に伴うグルテンタンパク含量の低下に関係し

ていた。 さらに、 PSPP添加によって速い硬化（老化）を示すパンが製造され、 そ

れは、PSPP中の高濃度の損傷デンプン含量に伴う強固な糊化デンプンとグルテン

タンパク質の相互作用によって引き起こされる。 PSPP添加パンの水分ロスと破断

力は対照のパンと同様であり、 それは、 PSPP中の糖類の高い水分保持性に関係し

ていた。 これらのことから、 PSPP添加は、 製パン性、 やや硬いパンのテクスチャ

一、 中程度の弾性や凝集性に影響することが明らかになった。 それでも、 PSPPは

人々が好む適当な紫色であると評価されていることから良好な天然色素である。
一 方、 PSPP添加生地 をa ー アミラー ゼ(AM)やヘミセルラー ゼ(HC)で処

理することによって、 GRD、 生地ガス発生量(GP)、 SLVが改善され、 それは、

パン生地中の損傷デンプンやヘミセルロースが、パン生地の形成 時のグルテンネット

ワ ーク形成を阻害しない単糖、 二糖、 オリゴ糖に分解された結果であった。 AMと

HCの作用によって、 生地中の可溶性糖、 還元糖、 全糖が増加し、 損傷デンプン、 ア

ミロース含量、 中性溶媒繊維、 酸性溶媒繊維、 ヘミセルロース含量が低下することが

明らかになった。

また、 AMとHCの処理によって、 パン保存中の低い老化速度、 デンプンの老化工

ンタルピ ー 変化、 アミロース含量、 破断力、 破断エネルギー、 水分ロス を示すパンが

得られた。 これらの改善は、 AMとHCによる抗老化特性と加水分解特性に関係して

おり、 それは、 水分損失とデンプン老化 を抑制するAMとHCの作用で生産される糖

とデキストリン等の生産物が関係していると考えられる。 PSPP添加酵素処理パン

における良好な紫色の色相、 硬い食品テクスチャ ー特性、 老化特性、 パン構造の結果

は、製パン工業における紫スイートポテトの効果的な利用拡大を推進すること を可能

にする良好なパン品質に向上させた。

PSPP添加生パスタは、超強力小麦粉の生パスタに対して、 わずかから非常に強
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い紫色、 極わずかからわずかなスイートポテトフレ ーバー、 わずかに柔らかいから柔

らかい食品テクスチャ ー、 中程度の弾性と凝集性 を示した 。 この色相は、 PSPP

の暗い紫色に関係しており、 一方、 PSPP添加生パスタの柔らかで中程度の弾性と

凝集性、 改善された水保持性、 吸水性に関係していると考えられ、 このことは、 生パ

スタの水分含量と硬さ、 破断力、 破断エネルギーとの間に逆相関の関係があることか

ら裏付けられる。 さらに、 PSPPは、 よりソフトで弾力的な生の生パスタ特性に関

係する高濃度の糊化デンプン を包含している。最終的に、 総合的な5%、 10%PS

PP添加生パスタの品質の許容性は、 対照と比べ同程度であり、 7. 5%PSPP添

加生パスタのそれは、 対照よりやや良好であった。 これらの結果から、 PSPP添加

は、 製麺プロセスにおいて、 PSPPの効果的利用拡大の推進 を可能にする良好な生

パスタ品質にそれ を向上させた。

これらの研究から、 紫スイートポテトは、 パンや生パスタに適当な色 を付与する天

然の化学的に安定的な色素素材であることが明らかになった。 PSPPの添加は、

製パン性や製麺特性に影響するけれども、 酵素処理のようないくつかの加工技術によ

って、 適当な品質 を維持することが可能である。 この点おいて、 ケーキ、 菓子類、 蒸

しパンのような他の焼成食品における更なる紫スイートポテトの利用が可能になる

であろう。 さらに、 焼成や麺食品における紫ポテトや紫ヤム添加に関する評価が研究

され、 紫スイートポテトの評価と比較されるべきである。最終的に、 カラフル非穀物

性作物添加のパンや麺製品の抗酸化性とその他の機能性について、 消費者へのこれら

の製品の健康に関する有用性が確立されるべきである。

102 



REFERENCES 

AACC. (1991). "Approved Methods of the AACC", 8th ed. Method 08-01. The 

American Association of Cereal Chemists, St. Paul, MN. 

Abdelghafor, R.F., Mustafa, A.I., Ibrahim, A.M.H. and Krishnan, P.G. (2011). 

Quality of bread from composite flour of sorghum and hard white winter 

wheat. Adv. J Food Sci. Technol., 3, 9-15. 

Adedeji, T.O. and Oluwalana, I.B. (2014). Development and quality evaluation 

of a non-alcoholic beverage from cocoyam (Xanthosoma sagittifolium and 

Colocasia esculenta). Nigerian Food J, 32, 10-20. 

Ahmed, M., Akter, M.S. Lee, J.C. and Eun, J.B. (2010). Encapsulation by spray 

drying of bioactive components, physicochemical and morphological 

properties from purple sweet potato. L WT-Food Sci. Tech., 43, 1307-1312. 

Akissoe, N., Mestres, C., Handschin, S., Gibert, 0., Hounhouigan, J. and Nago, 

M. (2011 ). Micro structure and physico-chemical bases of textural quality 

of yam products. LWT-Food Sci. Tech., 44, 321-329. 

Albishi, T., John, J.A., Al-khalifa, A.S. and Shahidi, F. (2013). Phenolic content 

and antioxidant activities of selected potato varieties and their processing 

by-products. J Functional Foods, 5, 590-600. 

Alexander, D. (2000). The geography of Italian pasta. Professional Geographer, 
53, 553-566. 

Alminger, M., Aura, A.M., Bohn, T., Dufour, C., El, S.N. and Gomes A. (2014). 

In vitro models for studying secondary plant metabolite digestion and 

bioaccessibility. Comp. Rev. Food Sci. and Food Safety, 13, 413-436. 

Alvani, K., Qi, X., Tester, R.F. and Snape, C.E. (2011 ). Physico-chemical 

properties of potato starches. Food Chem., 125, 958-965. 

Alves, R.M.L., Grossmann, M.V.E. and Silva, R.S.S.F. (1999). Gelling properties 

of extruded yam (Dioscorea alata) starch. Food Chem., 67, 123-127. 

Amandikwa, C., Iwe, M.O., Uzomah, A. and Olawuni, A.I. (2015). Physico­

chemical properties of wheat-yam flour composite bread. Nigerian Food 
J, 33, 12-17. 

Andersen, M.D., Busk, P.K., Svendsen, I. and Moller, B.L. (2000). Cytochromes 

P-450 from cassava (Manihot esculenta Crantz) catalyzing the first steps 

103 



in the biosynthesis of the cyanogenic glucosides linamarin and lotaustralin. 
J Biol. Chem., 275, 1966-1975. 

Andre, C.M., Ghislain, M., Bertin, P., Oufir, M., Herrera M.D., Hoffmann, L. 
Hauseman, J.F., Larondelle, Y.E. and Evers, D. (2007). Andean potato 
cultivars (Solanum tuberosum L.) as source of antioxidant and mineral 
micronutrients. J Agric. Food Chem., 55, 366-378. 

Antonio, G.C., Takeiti, C.Y., de Oliveira, R.A. and Park, K.J. (2011). Sweet 
Potato: Production, morphological and physicochemical characteristics 
and technological process. Fruit, Veg. Cereal Sci. Biotech., 5, 1-18. 

AOAC. (2000). "Official methods of analysis", 17th ed. AOAC International, 
Gaithersburg, MD. 

Araghiniknam, M., Chung, S., Nelson-White, T ., Eskelson, C. and Watson, R.R. 
(1996). Antioxidant activity of dioscorea and dehydroepiandrosterone 
(DHEA) in older humans. Life Science, 59, 147-157. 

Armero, E. and Collar, C. (1997). Texture properties of formulated wheat doughs: 
relationship with dough and bread technological quality. Z. Lebensm. 
Unters. -Forsch. A, 204, 136-145. 

Arnau, G., Abraham, K., Sheela, M.N., Chair, H., Sartie, A. and Asiedu, R. 
(2010). Yams. In Roots and tuber crops. Bradshaw, J.E. Ed. New York: 
Springer Science and Business Media. 

Behera, K.K., Maharana, T., Sahoo, S. and Prusti, A. (2009). Biochemical 
quantification of protein, fat, starch, crude fiber, ash and dry matter content 
in different collection of greater yam (Dioscorea alata L.) found in Orissa. 
India: Department of Horticulture OUAT and P.N. Co11ege. 

Belitz, H.D. Grosch, W. and Schieberle, P. (2004). Food Chemistry 3rd Ed. 
Germany: Springer-Verlag. pp. 1070. 

Bhandari, M.R., Kasai, T. and Kawabata J. (2003). Nutritional evaluation of 
wild yam (Dioscorea spp.) tubers of Nepal. Food Chem., 82, 619-623. 

Bhandari, M.R. and Kawabata, J. (2004). Organic acid phenolic content and 
antioxidant activity of wild yam (Dioscorea spp.) tubers of Nepal. Food 
Chem., 88, 163-168. 

Blaszczak, W., Sadowska, J., Rosell, C.M. and Fornal, J. (2004). Structural 
changes in the wheat dough and bread with the addition of alpha-amylases. 
Eur. Food Res. Technol., 219, 348-354. 

104 



Bohan, P.T., Nambisan, B. and Sudhakaran, P.R. (2006). Hypolipidaemic effect 
of chemically different mucilages in rats: a comparative study. British J 
Nutr., 96, 1021-1029. 

Bovell-Benjamin, A.C. (2007). Sweet Potato: A review of its past, present, and 
future role in human nutrition. Adv. Food Nutr. Res., 52, 1-59. 

Bradshaw, J.E. and Ramsay, G. (2009). Potato origin and production. In 
Advances in potato chemistry and technology. Singh J. and Kaur L. Ed. 
USA: Academic Press. 

Bradshaw, J.E. and Bonierbale, M. (2010). Potatoes. In Root and tuber crops. 
Bradshaw, J.E. Ed. New York: Springer Science and Business Media. 

Brady, P.L. and Mayer, S.M. (1985). Correlation of sensory and instrumental 
measures of bread texture. Cereal Chem., 62, 70-72. 

Brennan, C.S., Kuri V. and Tudorica C.M. (2004). Inulin-enriched pasta: effects 
on textural properties and starch degradation. Food Chem., 86, 189-193. 

Brown, H. (1996). Ignite your specialty bread sales. Modern Baking, 12, 58-64. 

Brown, H. (1998). Specialty breads-amplifying the need for bakery training. 
Modern Baking, 12, 50-52. 

Brown, C.R. (2005). Antioxidants in potato. Invited review. Am. J Potato Res., 82, 
163-172. 

Brunnschweiler, J., Mang, D., Farah, Z., Escher, F. and Conde-Petit, B. (2006). 
Structure-texture relationships of fresh pastes prepared from different yam 
(Dioscorea spp.) varieties. L WT, 39, 762-769. 

Burgos, G., Amoros, W., Mufioa, L., Sosa, P., Cayhualla, E., Sanchez, C., Diaz, 
C. and Bonierbale, M. (2013). Total phenolic, total anthocyanin and 
phenolic acid concentrations and antioxidant activity of purple-fleshed 
potatoes as affected by boiling. J Food Comp. Anal., 30, 6-12. 

Burmeister, A., Bondiek, S., Apel, L., Kuhne, C., Hillebrand, S. and 
Fleischmann, P. (2011). Comparison of carotenoid and anthocyanin 
profiles of raw and boiled solanum tuberosum and Solanum phureja tubers. 
J Food Comp. Anal., 24, 865-872. 

Caballero, P.A., Gomez, M. and Rosell, C.M. (2007). Improvement of dough 
rheology, bread quality and bread shelf-life by enzymes combination. J 
Food Eng., 81, 42-53. 

105 



Cai, Y.Z. and Corke, H. (2000). Production and properties of spray dried 
amaranthus betacyanin pigments. J Food Sci., 65, 1248-1252. 

Cai, Z., Qu, Z., Lan, Y., Zhao, S., Ma, X., Wan, Q., Jing, P. and Li, P. (2016). 
Conventional, ultrasound-assisted, and accelerated-solvent extractions of 
anthocyanins from purple sweet potatoes. Food Chem., 197, 266-272. 

Carini, E., Vittadini, E., Curti, E. and Antoniazzi, F. (2009). Effects of different 
shaping modes on physicochemical properties and water status of fresh 
pasta. J Food Eng., 93, 400-406. 

Carini, E., Vittadini, E., Curti, E., Antoniazzi, F. and Viazzani, P. (2010). 
Effects of different mixers on physicochemical properties and water status 
of extruded and laminated fresh pasta. Food Chem., 122, 462-469. 

Ceballos, H., Okogbenin, E., Perez, J.C. Lopez-Valle, L.A.B. and Debouck. D. 
(2010). Cassava. In Roots and tuber crops. Bradshaw, J.E. Ed. New York: 
Springer Science and Business Media. 

Cevallos-Casals, B.A. and Cisneros-Zevallos, L. (2004 ). Stability of anthocyanin­
based aqueous extracts of Andean purple corn and red-fleshed sweet potato 
compared to synthetic and natural colorants. Food Chem., 86, 69-77. 

Charepalli, V., Reddivari, L., Rdahakrishnan, S., Vadde, R., Agarwal, R. and 
Vanamala, J.K.P. (2015). Anthocyanin-containing purple-fleshed 
potatoes suppress colon tumorigenesis via elimination of colon cancer stem 
cells. J Nutr. Biochem., In Press. 

Chavez, A.L., Bedoya, J.M., Sanchez, T., Iglecias, C.A. Ceballos, H. and Roca, 
W. (2000). Iron, carotene and ascorbic acid in cassava roots and leaves. 
Food Nutr. Bull., 21, 410-413, 

Chen, H.L., Wang, C.H., Chang, C.T. and Wang, T.S. (2003). Effects of 
Taiwanese yam (Dioscorea alata L. cv. Tainung no. 2) on the mucosal 
hydrolase activities and lipid metabolism in Balb/c mice. Nutr. Res., 23, 
791-801. 

Chen, S.T., Chiang, B.H., Chung, Y.C., Chen, P.C. and Hsu, C.K. (2006). 
Effects of storage temperatures on the anti-oxidative activity and 
composition of yam. Food Chem., 98, 618-623. 

Chen, Y.T. and Lin, K.W. (2007). Effects of heating temperature on the total 
phenolic compound, anti oxidative ability and the stability of dioscorin of 
various yam cultivars. Food Chem., 101, 955-963. 

106 



Chen, Y.T., Kao, W.T. and Lin, K.W. (2008). Effects of pH on the total phenolic 
compound, antioxidative ability and the stability of dioscorin of various 
yam cultivars. Food Chem., 107, 250-257. 

Chen, Y.F., Zhu, Q. and Wu, S. (2015). Preparation of oligosaccharides from 
Chinese yam and their antioxidant activity. Food Chem., 173, 1107-1110. 

Chillo, S., Civica, V., Iannetti, M., Suriano, N., Mastromatteo, M. and Del 
Nobile, M.A. (2009). Properties of quinoa and oat spaghetti loaded with 
carboxymethylcellulose sodium salt and pre-gelatinized starch as 
structuring agents. Carbohydrate Polymers, 78, 932-937. 

Choi, J.H., Hwang, Y.P., Choi, C.Y., Chung, Y.C. and Jeong, H.G. (2010). Anti­
fibrotic effects of the anthocyanins isolated from the purple-fleshed sweet 
potato on hepatic fibrosis induced by dimethylnitrosamine administration 
in rats. Food Chem. Toxicol., 48, 3137-3143. 

Choi, J.H., Hwanga, Y.P., Park, B.H., Choi, C.Y., Chung, Y.C. and Jeong, H.G. 
(2011). Anthocyanins isolated from the purple-fleshed sweet potato 
attenuate the proliferation of hepatic stellate cells by blocking the PDGF 
receptor. Environ. Toxicol. Pharmacol., 31, 212-219. 

Chou, S.T., Chiang, B.H., Chung, Y.C., Chen, P.C. and Hsu, C.K. (2006). 
Effects of storage temperatures on the antioxidative activity and 
composition of yam. Food Chem., 98, 618-623. 

Chun, O.K., Kim, D.O., Smith, N., Han, J.T. and Lee C.Y. (2005). Daily 
consumption of phenolics and total antioxidant capacity from fruit and 
vegetables in the American diet. J Sci. Food Agric., 85, 1715-1724. 

Chung, H.J., Li, X.Q., Kalinga, D., Lim, S.T., Vada, R. and Liu, Q. (2014). 
Physicochemical properties of dry matter and isolated starch from potatoes 
grown in different locations in Canada. Food Res. Int., 57, 89-94. 

Cipriano, P.A., Ekici, L., Barnes, R.C., Gomes, C. and Talcott, S.T. (2015). Pre­
heating and polyphenol oxidase inhibition impact on extraction of purple 
sweet potato anthocyanins. Food Chem., 180, 227-234. 

Conlan, S., Griffiths, L.A., Turner, M., Fido, R., Tatham, A., Ainsworth, C. 
and Shewry, P. (1998). Characterization of the yam tuber storage protein 
dioscorin. J Plant Physio., 153, 25-31. 

Davies, E.M., Labuschagne, M.T., Koen, E., Benisi, I.R.M. and Saka, D.K. 
(2008). Some properties of starches from cocoyam in Malawi. Afr. J Food 
Sci., 2, 102-111. 

107 



Davis, J.P., Supatcharee, N., Khandelwal, R.L. and Chibbar, R.N. (2003). 
Synthesis of novel starches in planta: opportunities and challenges. 
Starch/Starke, 55, 107-120. 

Desai, K.G.H. and Park, H.J. (2005). Recent development in microencapsulation 
of food ingredients. Drying Tech., 23, 1361-1394. 

Dewettinck, K., Van Bockstaele, F., Kuhne, B., Van de Walle, D., Courtens, 
T.M. and Gellynck X. (2008). Nutritional value of bread: Influence of 
processing, food interaction and consumer perception. J Cereal Sci., 48, 
243-257. 

Du, L., Bokanga, M., Moller, B.L. and Halkier B.A. (1995). The biosynthesis of 
cyanogenic glucosides in roots of cassava. Phytochemistry, 39, 323-326. 

Dubois, M., Gilles, K.A., Hamilton, J.K., Rebers, P.A. and Smith, F. (1956). 
Colorimetric method for determination of sugars and related substances. 
Anal. Chem., 28, 350-356. 

Dufour, D.L. (2007). 'Bitter' cassava: toxicity and detoxification. In Proceedings 
of the First International Meeting on Cassava Breeding, Biotechnology, 
and Ecology. Ortiz, R. and Nassar, N.M.A. Ed. Universidade de Brazilia, 
Brazil. pp. 171-184. 

Duran, E., Leon, A., Barber, B. and De Barber, C.B. (2001). Effect of low 
molecular weight dextrins on gelatinization and retrogradation of starch. 
Eur. Food Res. Technol., 212, 203-207. 

Durham, C.A., Wechsler, L.J. and Morrissey, M.T. (2015). Using a fractional 
model to measure the impact of antioxidant information price and liking 
on the purchase intent for specialty potatoes. Food Quality and Preference, 
46, 66-78. 

Egesi, C.N., Onyeka, T.J. and Asiedu, R. (2007). Severity of anthracnose and 
virus diseases of water yam (Dioscorea alata L.) in Nigeria I: Effects of 
yam genotype and date of planting. Crop Protection, 26, 1259-1265. 

Ellis, R.P., Cochrane, M.P., Dale, M.F.B., Duffus, C.M., Lynn, A., Morrison, 
I.M., Prentice, R.D.M., Swanston, J.S. and Tiller, S.A. (1998). Starch 
production and industrial uses. J Sci. Food Agric., 77, 289-311. 

Ezekiel, R., Singh, N., Sharma, S. and Kaur, A. (2013). Beneficial 
phytochemicals in potato - a review. Food Res. Int., 50, 487-496. 

108 



Fabre, C.E., Santerre, A.L., Loret, M.O., Baberian, R., Pareilleux, A., Goma, 
G. and Blanc, P.J. (1993). Production and food applications of the red 
pigments of Monascus rubber. J Food Sci., 58, 1099-1111. 

Falade, K.O., Olurin, T.O., Ike, E.A. and Aworh, O.C. (2007). Effect of 
pretreatment and temperature on air-drying of Dioscorea alata and 
Dioscorea rotundata slices. J Food Eng., 80, 1002-1010. 

Falade, K.O. and Okafor, C.A. (2013). Physicochemical properties of five 
cocoyam ( Colocasia esculenta and Xanthosoma sagittifolium) starches. 
Food Hydrocolloids, 30, 173-181. 

Fan, G., Han, Y., Gu, Z. and Gu, F. (2008). Composition and colour stability of 
anthocyanins extracted from fermented purple sweet potato culture. L WT, 
41, 1412-1416. 

Fang, Z., Wu, D., Yu, D., Ye, X., Liu, D. and Chen, J. (2011 ). Phenolic 
compounds in Chinese purple yam and changes during vacuum frying. 
Food Chem., 128, 943-948. 

Fernandez-Orozco, R., Gallardo-Guerrero, L. and Hornero-Mendez, D. (2013). 
Carotenoid profiling in tubers of different potato (Solanum sp.) cultivars: 
Accumulation of carotenoids mediated by xanthophyll esterification. Food 
Chem., 141, 2864-2872. 

Feustel, I.C. (1987). Miscellaneous products from potatoes. In Potato processing. 
Talburt, W.F. and Smith 0. Ed. New York: Van Nostrand Reinhold 
Company. 

Freitas, R.A., Paula, R.C., Feitosa, J.P.A., Rocha, S. and Sierakowski, M.R. 
(2004). Amylose contents, rheological properties and gelatinization 
kinetics of yam (Dioscorea alata) and cassava (Manihot utilissima) 
starches. Carbohydrate Polymers, 55, 3-8. 

Friedman, S.L. (2000). Molecular regulation of hepatic fibrosis, and integrated 
cellular response to tissue injury. J Biol. Chem., 275, 2247-2250. 

Fu, S.L., Hsu, Y.H., Lee, P.Y., Hou, W.C., Hung, L.C., Lin, C.H., Chen, C.M. 
and Huang, Y.J. (2006). Dioscorin isolated from Dioscorea alata activates 
TLR4-signaling pathways and induces cytokine expression m 
macrophages. Biochem. and Biophys. Res. Comm., 339, 137-144. 

Gibson, T.S., Al Qalla, H. and McCleary, B.V. (1991). An improved enzymatic 
method for the measurement of starch damage in wheat flour. J Cereal 
Sci., 15, 15-27. 

109 



Gibson, T.S., Solah, V.A. and McCleary, B.V. (1996). A procedure to measure 
amylose in cereal starches and flours with Con A. J Cereal Sci., 25, 111-
119. 

Giusti, M.M. and Wrolstad, R.E. (2003). Acylated anthocyanins from edible 
sources and their applications in food systems. Biochem. Eng. J ,  14, 217-
225. 

Goesaert, H., Slade, L., Levine, H. and Delcour, J.A. (2009). Amylases and bread 
firming - an integrated view. J Cereal Sci., 50, 345-352. 

Gomes-Ruffi, C.R., Da Cunha, R.H., Almeida E.L., Chang, Y.K. and Steel, C.J. 
(2012). Effect of the emulsifier sodium stearoyl lactylate and of the enzyme 
maltogenic amylase on the quality of pan bread during storage. L WT- Food 
Sci. Technol., 49, 96-101. 

Gould, W.A. (1999). Potato production, processing and technology. USA: CTI 
Publications Inc. 

Goyer, A. and Navarre, D.A. (2007). Determination of folate concentrations in 
diverse potato germplasm using a trienzyme extraction and a 
microbiological assay. J Agric. Food Chem., 55, 3523-3528. 

Greene, J.L. and Bovell-Benjamin, A.C. (2004). Macroscopic and sensory 
evaluation ofbread supplemented with sweet-potato flour. J Food Sci., 69, 
167-173. 

Gupta, R., Gigras, P., Mohapatra, H., Goswami, V.K. and Chauhan, B. (2003). 
Microbial a-amylases: a biotechnological perspective. Process Biochem., 
38, 1599-1616. 

Gutierrez, T.J., Morales, N.J., Perez, E., Tapia, M.S. and Fama, L. (2015). 
Physico-chemical properties of edible films derived from native and 
phosphated cush-cush yam and cassava starches. Food Packaging and 
Shelf Life, 3, 1-8. 

Han, K.H., Sekikawa, M., Shimada, K., Hashimoto, M., Hashimoto, N., Noda, 
T., Tanaka, H. and Fukushima, M. (2006a). Anthocyanin-rich purple 
potato flake extract has antioxidant capacity and improves antioxidant 
potentials in rats. British J Nutr., 96, 1125-1133. 

Han, K.H., Hashimoto, N., Shimada, K., Sekikawa, M., Noda, T., Yamauchi, 
H., Hashimoto, M., Chiji, H., Topping, D.L. and Fukushima M. (2006b ). 
Hepatoprotective effects of purple potato extract against D-galactosamine­
induced liver injury in rats. Biosci. Biotechnol. Biochem., 70, 1432-1437. 

110 



Han, K.H., Matsumoto, A., Shimada, K., Sekikawa, M. and Fukushima, M. 
(2007). Effects of anthocyanin-rich purple potato flakes on antioxidant 
status in F344 rats fed a cholesterol-diet. British J Nutr., 98, 914-921. 

Han, K.H., Hayashi, N., Hashimoto, N., Shimada, K., Sekikawa, M., Noda, T. 
and Fukushima M. (2008). Feeding potato flakes affects cecal short-chain 
fatty acids, microflora and fecal bile acids in rats. Annals of Nutr. and 
Metabolism, 52, 1-7. 

Han, K.H., Sun-Ju, K., Shimada, K., Hashimoto, N., Yamauchi, H. and 
Fukushima, M. (2013). Purple potato flake reduces serum lipid profile in 
rats fed a cholesterol-rich diet. J Functional Food, 5, 974-980. 

Hatcher, D.W., Anderson, M.J. Desjardins, R.G., Edwards, N.M. and Dexter, 
J.E. (2002). Effects of flour particle size and starch damage on processing 
and quality of white salted noodle. Cereal Chem., 79, 64-71. 

Hathorn, C.S., Biswas, M.A., Gichuhi, P.N. and Bovell-Benjamin, A.C. (2008). 
Comparison of chemical, physical, micro-structural, and microbial 
properties of breads supplemented with sweet potato flour and high-gluten 
dough enhancers. LWT- Food Sci. Technol., 41, 803-815. 

Hejtmankova, K., Kotikova, Z., Hamouz, K., Pivec, V., Vacek, J. and Lachman, 
J. (2013). Influence of flesh colour, year and growing area on carotenoid 
and anthocyanin content in potato tubers. J Food Comp. Anal., 32, 20-27. 

Hou, W.C. and Lin, H.Y. (1997). Dehydroascorbate reductase and 
monodehydroascorbate reductase activities of trypsin inhibitors, the major 
sweet potato (Ipomoea batatas (L.) Lam) root storage protein. Plant Sci., 
128, 151-158. 

Hou, W.C., Chen, H.J. and Lin, Y.H. (2000). Dioscorin from different Dioscorea 
species all exhibit both carbonic anhydrase and trypsin inhibitor activities. 
Bot. Bull. Acad. Sinica, 41, 191-196. 

Hou, W.C., Lee, M.H., Chen, H.J., Liang, W.L., Han, C.H., Liu, Y.W. and Lin, 
Y.H. (2001 ). Antioxidant activities of dioscorin, the storage protein of yam 
(Dioscorea batatas Decne) tuber. J Agric. Food Chem., 49, 4956-4960. 

Hou, G.G., Saini, R. and Ng, P.K.W. (2013). Relationship between 
physicochemical properties of wheat flour, wheat protein composition, and 
textural properties of cooked Chinese white salted noodles. Cereal Chem. 
J ,  90, 419-429. 

Hsiang, C.Y., Wu, S.L. and Ho, T.Y. (2005). Morin inhibits 12-O­
tetradecanoylphorbol-13-acetate-induced hepatocellular transformation 

111 



via activator protein 1 signaling pathway and cell cycle progression. 
Biochem. Pharmacol., 69, 1603-1611. 

Hsu, C.L., Chen, W., Weng, Y.M. and Tseng, C.Y. (2003). Chemical composition, 
physical properties, and antioxidant activities of yam flours as affected by 
different drying methods. Food Chem., 83, 85-92. 

Hsu, C.C., Huang, Y.C., Yin, M.C. and Lin, S.J. (2006). Effect of yam 
(Dioscorea alata compared to Dioscorea japonica on gastrointestinal 
function and antioxidant activity in mice. J Food Sci., 71, 513-516. 

Hsu, C.K., Yeh, J.Y. and Wei, J.H. (2011). Protective effects of the crude extracts 
from yam (Dioscorea alata) peel on tert-butylhydroperoxide-induced 
oxidative stress in mouse liver cells. Food Chem., 126, 429-434. 

Hu, Y., Deng, L., Chen, J., Zhou, S., Liu S., Fu, Y., Yang, C., Liao, Z. and Chen, 
M. (2016). An analytical pipeline to compare and characterize the 
anthocyanin antioxidant activities of purple sweet potato cultivars. Food 
Chem., 194, 46-54. 

Huang, C.C., Lin, M.C. and Wang, C.R. (2006). Changes in morphological, 
thermal and pasting properties of yam (Dioscorea alata) starch during 
growth. Carbohydrates Polymers, 64, 524-531. 

Huang, C.H., Cheng, J.Y., Deng, M.C., Chou, C.H. and Jan, T.R. (2012). 
Prebiotic effect of diosgenin, an immunoactive steroidal sapogenin of the 
Chinese yam. Food Chem., 132, 428-432. 

Hwang, Y.P., Choi, J.H., Han, E.H., Kim, H.G., Kim, J.Y., Park, B.H., Khanal, 
T., Choi, J.M., Chung Y.C. and Jeong, H.G. (201 la). Anthocyanins from 
purple sweet potato attenuate dimethylnitrosamine-induced liver injury in 
rats by inducing Nrf2-mediated antioxidant enzymes and reducing COX-2 
and iNOS expression. Food Chem. Toxicol., 49, 93-99. 

Hwang, Y.P., Choi, J.H., Choi, J.M., Chung Y.C. and Jeong, H.G. (201 lb). 
Protective mechanisms of anthocyanins from purple sweet potato against 
tert-buty1 hydroperoxide-induced hepatotoxicity. Food Chem. Toxicol., 49, 
2081-2089. 

Hwang, Y.P., Choi, J.H., Han, E.H., Kim, H.G., Wee, J.H, Jung, K.O., Jung, 
K.H., Kwon, K., Jeong, T.C., Chung Y.C. and Jeong, H.G. (201 lc). 
Purple sweet potato anthocyanins attenuate hepatic lipid accumulation 
through activating adenosine monophosphate-activated protein kinase in 
human HepG2 cells and obese mice. Nutr. Res., 31, 896-906. 

112 



Teri, F., Innocenti, M., Andrenelli, L., Vecchio, V. and Mulinacci, N. (2011). 
Rapid HPLC/DAD/MS method to determine phenolic acids, 
glycoalkaloids and anthocyanins in pigmented potatoes (Solanum 
tuberosum L.) and correlations with variety and geographical origin. Food 
Chem., 125, 750-759. 

IPGRI. (1999). Descriptors for Taro (Colocasia esculenta). Italy: International 
Plant Genetic Resources Institute. 

Ishida, N., Miura, H., Noda, T. and Yamauchi, H. (2003). Mechanical properties 
of white salted noodles from near-isogenic wheat lines with different 
protein-deficiency. Starch/Starke, 55, 390-396. 

Ito, M., Maruyama-Funatsuki, W., Ikeda, T.M., Nishio, Z., Nagasawa, K., 
Tabiki, T. and Yamauchi, H. (2012). Evaluation of fresh pasta-making 
properties of extra-strong common wheat (Triticum aestivum L.). Breeding 
Sci., 62, 340-347. 

Iwuoha, C.I. and Kalu, F.A. (1995). Calcium oxalate and physico-chemical 
properties of cocoyam ( Colocasia esculenta and Xanthosoma 
sagittifolium) tuber flours as affected by processing. Food Chem., 54, 61-
66. 

lwuoha, C.I. (2004). Comparative evaluation of physicochemical qualities of 
flours from steam-processed yam tubers. Food Chem., 85, 541-551. 

Jadav, S.J. and Kadam, S.S. (1998). Introduction. In Handbook of vegetable 
science and technology: production, composition, storage and processing. 
Salunkhe, D.K. and Kadam, S.S. Eds. New York: Marcel Dekker, Inc. 

Jansen, G. and Flamme, W. (2006). Coloured potatoes (Solanum tuberosum L.)­
Anthocyanin content and tuber quality. Genetic Resources and Crop 
Evolution, 53, 1321-1331. 

Jayakody, L., Hoover, R., Liu, Q. and Donner, E. (2007). Studies on tuber 
starches. II. Molecular structure, composition and physicochemical 
properties of yam (Dioscorea sp.) starches grown in Sri Lanka. 
Carbohydrates Polymers, 69, 148-163. 

Jiang, Z., Li, X., Yang, S., Li, L. and Tan, S. (2005). Improvement of the 
breadmaking quality of wheat flour by the hyperthermophilic xylanase B 
from Thermotoga maritime. Food Res. Int., 38, 37-43. 

Jiang, Q., Gao, W., Li, X., Xia, Y., Wang, H., Wu, S., Huang, L., Liu, C. and 
Xiao, P. (2012). Characterizations of starches isolated from five different 
Dioscorea L. species. Food Hydrocolloids, 29, 35-41. 

113 



Jin, S.K., Kim, Y.J., Park, J.H., Hur, J.C., Nam, S.H. and Shin, D. (2012). 
Effects of purple-fleshed sweet potato (Ipomoea batatas cultivar 
Ayamurasaki) powder addition on color, texture properties and sensory 
characteristics of cooked pork sausages during storage. Asian-Aust. J Anim. 
Sci., 25, 1329-1337. 

Kang, H., Kwak, Y. and Koppula, S. (2014). Protective effect of purple sweet 
potato (Ipomoea batatas Linn, Convolvulaceae) on neuroimflammatory 
responses in lipopolysaccharide-stimulated microglial cells. Tropical J of 
Pharma. Res., 13, 1257-1263. 

Kano, M., Takayanagi, T., Harada, K., Makino. K. and Ishikawa F. (2005). 
Antioxidative activity of anthocyanins from purple sweet potato, Jpomoea 
batatas cultivar Ayamurasaki. Biosci. Biotechnol. Biochem., 69, 979-988. 

Kaur, A., Singh, N., Ezekiel, R. and Guraya, H.S. (2007). Physicochemical, 
thermal and pasting properties of starches separated from different potato 
cultivars grown at different locations. Food Chem., 101, 643-651. 

Kelmanson, J.E., Jager, A.K. and Van Staden, J. (2000). Zulu medicinal plants 
with antibacterial activity. J Ethnopharmacology, 69, 241-246. 

Kim, J.H., Maeda, T. and Morita, N. (2006). Effect of fungal a-amylase on the 
dough properties and bread quality of wheat flour substituted with polished 
flours. Food Res. Int., 39, 117-126. 

Kim, H.W., Kim, J.B., Cho, S.M., Chung, M.N., Lee, Y.M., Chu, S.M., Che, 
J.H., Kim, S.N., Kim, S.Y., Cho, Y.S., Kim, J.H., Park, H.J. and Lee, 
D.J. (2012). Anthocyanin changes in the Korean purple-fleshed sweet 
potato, Shinzami, as affected by steaming and baking. Food Chem., 130, 
966-972. 

Kim, H.J., Park, W.S. Bae, J.Y., Kang, S.Y., Yang, M.H., Lee, S., Lee, H.S., 
Kwak, S.S. and Ahn, M.J. (2015). Variations in the carotenoid and 
anthocyanin contents of Korean cultural varieties and home-processed 
sweet potatoes. J Food Comp. Anal., 41, 188-193. 

Kita, A., Bakowska-Barczak, A., Hamouz, K., Kulakowska, K. and Lisinska, 
G. (2013). The effect of frying on anthocyanin stability and antioxidant 
activity of crisps from red- and purple-fleshed potatoes (Solanum 
tuberosum L.) J Food Comp. and Anal., 32, 169-175. 

Kojima, T.I., Horigane, A.K., Nakajima, H., Yoshida, M. and Nagasawa A. 
(2004). T2 map, moisture distribution, and texture of boiled Japanese 
noodles prepared from different types of flour. Cereal Chem., 81, 746-751. 

114 



Kotecha, P.M. and Kadam, S.S. (1998). Introduction. In Handbook of vegetable 
science and technology: production, composition, storage and processing. 
Salunkhe, D.K. and Kadam, S.S. Eds. New York: Marcel Dekker, Inc. 

Kotikova, Z., Sulc, M., Lachman, J., Pivec, V., Orsak, M. and Hamouz, K. 
(2015). Carotenoid profile and retention in yellow-, purple- and red-fleshed 
potatoes after thermal processing. Food Chem., doi: 
http://dx.doi.org/10.1016/j.foodchem.2015.11.072. 

Krishnan, J.G., Padmaja, G., Moorthy, S.N., Suja, G. and Sajeev, M.S. (2010). 
Effect of pre-soaking treatments on the nutritional profile and browning 
index of sweet potato and yam flours. Innovative Food Sci. and Emerging 
Technol., 11, 387-393. 

Kubow, S., lskandar, M.M., Sabally, K., Azadi, B., Ekbatan, S.S., 
Kumarathasan, P., Das, D.D., Prakash, S., Burgos, G. and zum Felde, 
T. (2016). Biotransformation of anthocyanins from two purple-fleshed 
sweet potato accessions in a dynamic gastrointestinal system. Food Chem., 
192, 171-177. 

Kusumayanti, H., Handayani, N.A. and Santosa, H. (2015). Swelling power and 
water solubility of cassava and sweet potato flour. Procedia Envi. Sci., 23, 
164-167. 

Lachman, J. and Hamouz K. (2005). Red and purple coloured potatoes as a 
significant antioxidant source in human nutrition - a review. Plant Soil 
Environ., 51, 477-482. 

Lachman, J., Hamouz, K., Orsak, M., Pivec, V. and Dvorak, P. (2008). The 
influence of fresh colour and growing locality on polyphenolic content and 
antioxidant activity in potatoes. Scientia Horticulturae, 117, 109-114. 

Lachman, J., Hamouz, K., Sulc, M., Orsak, M., Pivec, V. Hejtmankova, A. 
Dvorak, P. and Cepl, J. (2009). Cultivar differences of total anthocyanins 
and anthocyanidins in red and purple-fleshed potatoes and their relation to 
antioxidant activity. Food Chem., 114, 836-843. 

Lachman, J., Hamouz, K., Orsak, M., Pivec, V. Hejtmankova, A., Pazderu, K., 
Dvorak, P. and Cepl, J. (2012). Impact of selected factors - cultivar, 
storage, cooking and baking on the content of anthocyanins in coloured­
flesh potatoes. Food Chem., 133, 1107-1116. 

Lai, H.M. and Lin, T.C. (2006). Bakery products. In "Handbook of food science, 
technology and engineering," ed. by Y.H. Hui. CRC Press, pp. 148, 1-51. 

115 



Laurie, S., Faber, M., Adebola, P. and Belete, A. (2015). Biofortification of sweet 
potato for food and nutrition security in South Africa. Food Res. Int., 76, 
962-970. 

Lebot, V. (2009). Tropical root and tuber crops: cassava, sweet potato, yams and 
aroids. USA: CAB International. 

Lebot, V. (2010). Sweet potato. In Roots and tuber crops. Bradshaw, J.E. Ed. 
New Yorlc Springer Science and Business Media. 

Lei, C., Ma, Q., Tang, Q.Y. Ai, X.R., Zhou, Z., Yao, L., Wang, Y., Wang, Q. 
and Dong, J.Z. (2014). Sodium selenite regulates phenolics accumulation 
and tuber development of purple potatoes. Scientia Horticulturae, 165, 
142-147. 

Lemos, M.A., Aliyu, M.M. and Hungerford, G. (2015). Influence of cooking on 
the levels of bioactive compounds in Purple Majesty potato observed via 
chemical and spectroscopic means. Food Chem., 173, 462-467. 

Leo, L., Leone, A., Longo, C., Lombardi, D.A., Raimo, F. and Zacheo, G. (2008). 
Antioxidant compounds and antioxidant activity in "early potatoes". J 
Agric. Food Chem., 56, 4154-4163. 

Lewis, C.E., Walker, J.R.L. Lancaster, J.E. and Sutton, K.H. (1998). 
Determinations of anthocyanins, flavonoids, and phenolic acids in potatoes. 
I: Coloured cultivars of Solanum tuberosum L. J Sci. Food Agric., 77, 45-
57. 

Li, P.H., Huang, C.C., Yang, M.Y. and Wang C.R. (2012). Textural and sensory 
properties of salted noodles containing purple yam flour. Food Res. Int., 
47, 223-228. 

Li, J., Li, X., Zhang, Y., Zheng, Z., Qu, Z., Liu, M., Zhu, S., Liu, S., Wang, M. 
and Qu, L. (2013). Identification and thermal stability of purple-fleshed 
sweet potato anthocyanins in aqueous solutions with various pH values and 
fruit juices. Food Chem., 136, 1429-1434. 

Lin, Y.P., Lee, T.Y., Tsen, J.H. and King V.A.E. (2007). Dehydration of yam 
slices using FIR-assisted freeze drying. J Food Eng., 79, 1295-1301. 

Lisinska, G. and Leszczynski, W. (1989). Potato science and technology. New 
Y orlc Elsevier Science Publishers Ltd. 

Liu, Q., Tarn, R., Lynch, D. and Skjodt, N.M. (2007a). Physicochemical 
properties of dry matter and starch from potatoes grown in Canada. Food 
Chem., 105, 897-907. 

116 



Liu, Y.W., Shang, H.F., Wang, C.K., Hsu, F.L. and Hou, W.C. (2007b). 
lmmunomodulatory activity of dioscorin, the storage protein of yam 
(Dioscorea alata cv. Tainong No. 1) tuber. Food Chem. Toxicol., 45, 2312-
2318. 

Liu, S.C., Lin, J.T. and Yang, D.J. (2009). Determination of cis- and trans- a- and 
P-carotenoids in Taiwanese sweet potatoes (Jpomoea batatas (L.) Lam) 
harvested at various times. Food Chem., 116, 605-610. 

Liu, Y.M. and Lin, K.W. (2009). Antioxidative ability, dioscorin stability and the 
quality of yam chips from various yam species as affected by processing 
method. J Food Sci., 74, 118-125. 

Liu, X., Mu, T ., Sun, H., Zhang, M. and Chen, J. (2013). Optimization of aqueous 
two-phase extraction of anthocyanins from purple sweet potatoes by 
response surface methodology. Food Chem., 141, 3034-3041. 

Lu, G. and Gao, Q. (2011) Use of sweet potato in bread and flour fortification. In 
"Flour and breads and their fortification in health and disease prevention," 
ed. by V.R. Preedy, R.R. Watson and V.B. Patel. Academic Press, Elsevier, 
pp. 407-416. 

Lu, Y., Li, J.Y., Luo, J., Lu, L.M. and Liu, Z.H. (2011). Preparative separation 
of anthocyanins from purple sweet potatoes by high-speed counter-current 
chromatography. Chinese J Anal. Chem., 39, 851-856. 

Lu, J., Wu, D., Zheng, Y., Hu, B., Cheng, W. and Zhang, Z. (2012). Purple sweet 
potato color attenuates domoic acid-induced cognitive deficits by 
promoting estrogen receptor-a-mediated mitochondrial biogenesis 
signaling in mice. Free Radical Biology and Medicine, 52, 646-659. 

Luchsinger, W.W. and Cornesky, R.A. (1962). Reducing power by the 
dinitrosalicylic acid method. Anal. Biochem., 4, 346-347. 

MacGregor, E.A., Janecek, S. and Svensson, B. (2001). Relationship of sequence 
and structure to specificity in the a-amylase family of enzymes. Biochim. 
Biophys. Acta, 1546, 1-20. 

Madiwale, G.P., Reddilvari, L., Stone, M., Holm, D.G. and Vanamala, J. (2012). 
Combined effects of storage and processing on the bioactive compounds 
and pro-apoptotic properties of color-fleshed potatoes in human colon 
cancer cells. J Agric. Food Chem., 60, 11088-11096. 

Mali, S., Grossmann, M.V.E., Garcia, M.A., Martino, M.N. and Zaritzky, N.E. 
(2002). Microstructural characterization of yam starch films. 
Carbohydrate Polymers, 50, 379-386. 

117 



Mali, S., Ferrero, C., Redigonda, V., Beleia, A.P., Grossmann, M.V.E. and 
Zaritzky, N.E. (2003). Influence of pH and hydrocolloids addition on yam 
(Dioscorea alata) starch pastes stability. Lebensm.-Wiss.u.-Technol., 36, 
475-481. 

Mane, S., Bremner, D.H., Tziboula-Clarke, A. and Lemos, M.A. (2015). Effect 
of ultrasound on the extraction of total anthocyanin from Purple Majesty 
potato. Ultrasonics Sonochemistry, 27, 509-514. 

Martin, M.L., Zeleznak, K.J. and Hoseney, R.C. (1991). A mechanism of bread 
firming. I. Role of starch swelling. Cereal Chem., 68, 498-502. 

Martin, M.L. and Hoseney, R.C. (1991). A mechanism of bread firming. II. Role 
of starch hydrolyzing enzymes. Cereal Chem., 68, 503-507. 

Masalkar, S.D. and Keskar, B.G. (1998). Introduction. In Handbook of vegetable 
science and technology: production, composition, storage and processing. 
Salunkhe, D.K. and Kadam, S.S. Eds. New York: Marcel Dekker, Inc. 

Mignouna, H.D., Abang, M.M. and Fagbemi, S.A. (2003). A comparative 
assessment of molecular marker assays (AFLP, RAPD and SSR) for white 
yam (Dioscorea rotundata) germplasm characterization. Ann. Appl. Biol., 
142, 269-276. 

Miyazawa, M., Shimamura, H., Nakamura, S. and Kameoka, H. (1996). 
Antimutagenic activity of ( + )-�-eudesmol and paeonol from Dioscorea 
japonica. J Agric. Food Chem., 44, 1647-1650. 

Mendoza, E.M.T., Osawa, T., Nakayama, T., Laurena, A.C. and Kawakishi, S. 
(1994). Search for new natural antioxidants in selected tropical plant food 
materials. In Postharvest biochemistry of plant food materials in the tropics. 
Uritani, I., Garcia, V.V. and Mendoza, E.M.T. Eds. Tokyo, Japan: Japan 
Scientific Societies Press. pp. 71-89. 

Meuser, F., Brummer, J.M. and Seibel, W. (1994). Bread varieties in Central 
Europe. Cereals Food World, 39, 222-230. 

Mohammed, I., Ahmed, A.R. and Senge, B. (2012). Dough rheology and bread 
quality of wheat-chickpea flour blends. Ind. Crops and Prod. , 36, 196-202. 

Mohanraj, R. and Sivasankar, S. (2014). Sweet potato (Ipomoea batatas [L.] 
Lam)--a valuable medicinal food: a review. J Med. Food., 17, 733-741. 

Montilla, E.C., Hillebrand, S. and Winterhalter, P. (2011 ). Anthocyanins in 
purple sweet potato (Ipomoea batatas L.) varieties. Fruit, Veg. Cereal Sci. 
Biotech., 5, 19-24. 

118 



Moriya, C., Hosoya, T., Agawa, S., Sugiyama, Y., Kozone, I., Shin-Ya, 
K., Terahara, N. and Kumazawa, S. (2015). New acylated anthocyanins 
from purple yam and their antioxidant activity. Biosci. Biotechnol. 
Biochem., 79, 1484-1492. 

Murayama, D., Kimura, T., Tsuboi, K., Yamada, D., Santiago, D.M., Koaze, 
H. and Yamauchi, H. (2015). Applicability of dry flours produced from 
table potato variety (Solanum tuberosum L. cv. May Queen) in bread 
making. Food Sci. Technol. Res., 21, 285-290. 

Navarre, D.A., Goyer, A. and Shakya, R. (2009). Nutritional value of potatoes. 
Vitamin, phytonutrient and mineral content. In Advances in potato 
chemistry and technology. Singh, J. and Kaur, L. Ed. Austerdam: Elsevier. 

Nayak, B., Lui, R.H., Berrios, J.D.J., Tang, J. and Derito, C. (2011). Bioactivity 
of antioxidants in extruded products prepared from purple potato and dry 
pea flours. J Agric. Food Chem., 59, 8233-8243. 

Njintang, Y.N., Mbofung, C.M.F., Moates, G.K., Parker, M.L., Craig, F., 
Smith, A.C. and Waldron, W.K. (2007). Functional properties of five 
varieties of taro flour, and relationship to creep recovery and sensory 
characteristics of achu (taro-based paste). J Food Eng., 82,114-120. 

Noda, T., Kottearachchi, N.S., Tsuda, S., Mori, M., Takigawa, S., Matsuura­
Endo, C., Kim, S.J., Hashimoto, N. and Yamauchi, H. (2007). Starch 
phosphorus content in potato (Solanum tuberosum L.) cultivars and its 
effect on other starch properties. Carbohydrates Polymers, 68, 793-796. 

Noda, T., Tsuda, S., Mori, M., Suzuki, T., Takigawa, S., Matsuura-endo, C., 
Yamauchi, H. and Zaidul, l.S.M. (2011). Starch properties of various 
colored potato cultivars grown for 8 consecutive years. J Food Agric. 
Environ., 9, 37-40. 

Norman, M.J.T., Pearson, C.J. and Searle, P.G.E. (1995). Tropical food crops in 
their environment. Great Britain: Cambridge University Press. 

Nouviaire, A., Lancien, R. and Maache-Rezzoug, Z. (2008). Influence of 
hydrothermal treatment on rheological and cooking characteristics of fresh 
egg pasta. J Cereal Sci., 47, 283-291. 

Nwana, I.E. and Onochie, B.E. (1979). The technical and social problems of taro 
processing and storage in Nigeria. In Small-scale processing and storage 
of tropical root crops. Plucknett, D.L. Ed. Westview Tropical Agriculture 
Series No. 1, Boulder, Colorado, pp. 100-109. 

Oh, N.H., Seib, P.A., Deyoe, C.W. and Ward, A.B. (1983). Noodles. I. Measuring 

119 



the textural characteristics of cooked noodles. Cereal Chem., 60, 433-438. 

Oh, N.H., Seib, P.A., Ward, A.B. and Deyoe, C.W. (1985). Noodles. IV Influence 
of flour protein, extraction rate, particle size, and starch damage on the 
quality characteristics of dry noodles. Cereal Chem., 62, 441-446. 

Oki, T., Masuda M., Furuta, S., Nishiba, Y., Terahara, N. and Suda, I. (2002). 
Involvement of anthocyanin and other phenolic compounds in radical 
scavenging activity of purple-fleshed sweet potato cultivars. J Food Sci., 
67, 1752-1756. 

Olaoye, O.A., Onilude, A.A. and Idowu, O.A. (2006). Quality characteristics of 
bread produced from composite flours of wheat, plantain and soybeans. Afr. 
J Biotechnol., 5, 1102-1106. 

Olaoye, O.A. and Ade-Omowaye, 1.0. (2011). Composite flours and breads: 
potential of local crops in developing countries. In "Flour and breads and 
their fortification in health and disease prevention," ed. by V.R. Preedy, 
R.R. Watson and V.B. Patel. Academic Press, Elsevier. pp. 183-192. 

Olsen, K.M. and Schaal, B.A. (1999). Evidence on the origin of cassava: 
Phylogeography of Manihot esculenta. Proc. Natl. Acad. Sci. USA. 96, 
5586-5591. 

Oshunsanya, S.O. (2016). Quantification of soil loss due to white cocoyam 
(Colocasia esculentus) and red cocoyam (Xanthosoma saittifolium) 
harvesting in traditional farming system. Catena, 137, 134-143. 

Otegbayo, B., Aina, J., Aiedu, R. and Bokanga, M. (2006). Pasting characteristics 
of fresh yams (Dioscorea spp.) as indicators of textural quality in a major 
food product - 'pounded yam'. Food Chem., 99, 663-669. 

Palacios, H.R., Schwarz, P.B. and D' Appolonia, B.L. (2004). Effect of alpha­
amylases from different sources on firming of concentrated wheat starch 
gels: relationship to bread staling. J Agric. Food Chem., 52, 5987-5994. 

Palaniswami, M.S. and Peter K.V. (2008). Tuber and root crops. New Delhi, 
India: New India Publishing Agency. 

Park, C.S. and Baik, B.K. (2002). Flour characteristics related to optimum water 
absorption of noodle dough for making white salted noodles. Cereal Chem., 
79, 867-873. 

Patel, M.J., Ng, J.H.Y., Hawkins, W.E., Pitts, K.F. and Chakrabarti-Bell, S. 
(2012). Effects of fungal a-amylase on chemically leavened wheat flour 
dough. J Food Sci., 56, 644-651. 

120 



Peksa, A., Kita, A., Kulakowska, K., Aniolowska, M., Hamouz, K. and Nems, 
A. (2013). The quality of protein of coloured fleshed potatoes. Food Chem., 
141, 2960-2966. 

Peng, Z., Li, J., Guan, Y. and Zhao, G. (2013). Effect of carriers on 
physicochemical properties, antioxidant activities and biological 
components of spray-dried purple sweet potato flours. L WT-Food Sci. 
Tech., 51, 348-355. 

Perez, E., Rolland-Sa bate, A., Dufour, D., Guzman, R., Tapia, M., Raymundez, 
M., Ricci, J., Guilois, S., Pontoire, B., Reynes, M. and Gibert, 0. (2013). 
Isolated starches from yams (Dioscorea sp) grown at the Venezuelan 
Amazons: structure and functional properties. Carbohydrate Polymers, 98, 
650-658. 

Puchau, B., Zulet, M.A., Gonzalez de Echavarri, A., Hermsdorff, H.H. and 
Martinez, J.A. (2010). Dietary total antioxidant capacity is negatively 
associated with some metabolic syndrome features in healthy young adults. 
Nutr., 26, 534-541. 

Puertolas, E., Cregenzan, 0., Luengo, E., Alvarez, I. and Raso, J. (2013). 
Pulsed-electric-field-assisted extraction of anthocyanins from purple­
fleshed potato. Food Chem., 136, 1330-1336. 

Qiao, F., Huang, L. and Xia, W. (2012). A study on microwave vacuum dried re­
structured lychee (Litchi chinensis Sonn.) mixed with purple sweet potato 
(Ipomoea batatas) snacks. Food and Bioproducts Processing, 90, 653-658. 

Quero-Garcia, J., Ivancic, A. and Lebot, V. (2010). Taro and cocoyam. In Root 
and tuber crops. Bradshaw, J.E. Ed. New York: Springer Science and 
Business Media. 

Ramoutar, R.R. and Brumaghim, J.L. (2010). Antioxidant and anticancer 
properties and mechanisms of inorganic selenium, oxo-sulfur, and oxo­
selenium compounds. Cell Biochem. Biophys., 58, 1-23. 

Rasco, E.T. (2000). Sweet potato production technology in tropical Asia: Trends 
and needs for improvement. In Sweet potato in tropical Asia, Rasco E.T. 
and Amante V.dR. Ed. Philippine: Philippine Council for Agriculture, 
Forestry and Natural Resources Research and Development, Department 
of Science and Technology. 

Ray, R.C. and Tomlins K.I. (2010). Sweet potato: post-harvest aspects in food, 
feed and industry. Nova Science Publishers Inc., New York. 

Ray, R.C., Panda, S.K. Swain, M.R. and Sivakumar, P.S. (2011). Proximate 

121 



compos1t10n and sensory evaluation of anthocyanin-rich purple sweet 
potato (Ipomoea batatas L.) wine. Int. J Food Sci. Technol., 46, 1-7. 

Reyes, L.F., Miller, J.C. and Cisneros-Zevallos, L. (2003). Wounding stress 
increases the phenolic content and antioxidant capacity of purple-flesh 
potatoes (Solanum tuberosum L.). J Agric. Food Chem., 51, 5296-5300. 

Reyes, L.F., Miller, J.C. and Cisneros-Zevallos, L. (2004). Environmental 
conditions influence the content and yield of anthocyanins and total 
phenolics in purple- and red-flesh potatoes during tuber development. 
Am. J Potato Res., 81, 187-193. 

Reyes, L.F., Miller, J.C. and Cisneros-Zevallos, L. (2005). Antioxidant capacity, 
anthocyanins and total phenolics in purple and red fleshed potato (Solanum 
tuberosum L.) genotypes. Am. J Potato Res., 82, 271-277. 

Reyes, L.F. and Cisneros-Zevallos, L. (2007). Degradation kinetics and colour of 
anthocyanins in aqueous extracts of purple- and red-flesh potatoes 
(Solanum tuberosum L.) Food Chem., 100, 885-894. 

Rogers, D.E., Zeleznak, K.J., Lai, C.S. and Hoseney, R.C. (1988). Effect of 
native lipids, shortening, and bread moisture on bread firming. Cereal 
Chem., 65, 398-401. 

Rosell, C.M. (2011 ). The science of doughs and bread quality. In "Flour and breads 
and their fortification in health and disease prevention," ed. by V.R. Preedy, 
R.R. Watson and V.B. Patel. Academic Press, Elsevier. pp. 3-14. 

Rozylo, R. and Laskowski, J. (2011 ). Predicting bread quality (Bread loaf volume 
and crumb texture). Pol. J Food Nutr. Sci., 61, 61-67. 

Rumbaoa, R.G.O., Cornago, D.F. and Geronimo, l.M. (2009). Phenolic content 
and antioxidant capacity of Philippine sweet potato (Ipomoea batatas L.) 
varieties. Food Chem., 113, 1133-1138. 

Rytel, E., Tajner-Czopek, A., Kita, A., Anioloska, M., Kucharska, A.Z. Sokol­
Letowska, A. and Hamouz, K. (2014). Content ofpolyphenols in coloured 
and yellow fleshed potatoes during dices processing. Food Chem., 161, 
224-229. 

Salda, V.B., Ramsden, L., Sun, M. and Corke, H. (1998). Genetic variation in 
physical properties of flour from selected Asian yams (Dioscorea spp.) 
Tropical Agriculture (Trinidad), 75, 212-216. 

122 



Salunkhe, D.K. and Kadam, S.S. (1998). Introduction. In Handbook of vegetable 
science and technology: production, composition, storage and processing. 
Salunkhe, D.K. and Kadam, S.S. Eds. New York: Marcel Dekker, Inc. 

Santiago, D.M., Matsushita, K., Noda, T., Tsuboi, K., Yamada, D., Murayama, 
D., Koaze, H. and Yamauchi, H. (2015a). Effect of purple sweet potato 
powder substitution and enzymatic treatments on bread making quality. 
Food Sci. Technol. Res., 21, 159-165. 

Santiago, D.M., Matsushita, K., Tsuboi, K., Yamada, D., Murayama, D., 
Kawakami, S., Shimada, K., Koaze, H. and Yamauchi, H. (2015b ). 
Texture and structure of bread supplemented with purple sweet potato 
powder and treated with enzymes. Food Sci. Technol. Res., 21, 537-548. 

Scanlon, M.G. and Zghal, M.C. (2001 ). Bread properties and crumb structure. 
Food Res. Int., 34, 841-864. 

Schoenlechner, R., Szatmari M., Bagdi, A. and Tomoskozi, S. (2013). 
Optimisation of bread quality produced from wheat and proso millet 
(Panicum miliaceum L.) by adding emulsifiers, transglutaminase and 
xylanase. L WT- Food Sci. Technol., 51, 361-366. 

Schieber, A. and Saldana M.D.A. (2009). Potato peels: A source of nutritionally 
and pharmacologically interesting compounds - A review. Food, S3, 23-
29. 

Scott, G.J., Rosegrant, M.W. and Ringler, C. (2000). Roots and tubers for the 21st 

century. Trends, projections, and policy options. Washington DC: 
International Food Policy Research Institute (IFPRI)/ Centro International 
de la papa (CIP). p.64. 

Sefa-Dedeh, S. and Sackey, E.K.A. (2002). Starch structure and some properties 
of cocoyam (Xanthosoma sagittifolium and Colocasia esculenta) starch 
and raphides. Food Chem., 79, 435-444. 

Shah, A.R., Shah, R.K. and Madamwar, D. (2006). Improvement of the quality 
of whole bread by supplementation of xylanase from Aspergillus foetidus. 
Bioresour. Technol., 97, 2047-2053. 

Shan, Q., Zheng, Y., Lu, J., Zhang, Z., Wu, D., Fan, S., Hu, B., Cai, X., Cai, H., 
Liu, P. and Liu, F. (2014). Purple sweet potato color ameliorates kidney 
damage via inhibiting oxidative stress mediated NLRP3 inflammasome 
activation in high fat diet mice. Food Chem. Toxicol., 69, 339-346. 

123 



Shang, H.F., Cheng, H.C., Liang, H.J., Liu, S.Y. and Hou, W.C. (2007). 
lmmunostimulatory activities of yam tuber mucilages. Botanical Studies, 
48, 63-70. 

Shewry, P.R. (2003). Tuber storage proteins. Annals of Botany, 91, 1-15. 

Silva, I.C.M., Ribeiro, A.M.L. and Canal, C.W. (2010). The impact of organic 
and inorganic selenium on the immune system of growing broilers 
submitted to immune stimulation and heat stress. Braz. J Poultry Sci., 4, 
247-254. 

Silva, E., Sagis, L.M.C., van der Linden, E. and Scholten, E. (2013). Effect of 
matrix and particle type on rheological, textural and structural properties 
of broccoli pasta and noodles. J Food Eng., 119, 94-103. 

Singh, N., Singh, J., Kaur, L., Sodhi, N.S. and Gill, B.S. (2003). Morphological, 
thermal and rheological properties of starches from different botanical 
sources. Food Chem., 81, 219-231. 

Singh, N., Kaur, L., Ezekiel, R. and Gurraya, H.S. (2005). Microstructural, 
cooking and textural characteristics of potato (Solanum tuberosum L.) 
tubers in relation to physico-chemical and functional properties of their 
flours. J Sci. Food Agric., 85, 1275-1284. 

Singh, J., McCarthy, O.J. and Singh, H. (2006). Physico-chemical and 
morphological characteristics of New Zealand Taewa (Maori potato) 
starches. Carbohydrate Polymers, 64, 569-581. 

Steed, L.E. and Troung, V.D. (2008). Anthocyanin content, antioxidant activity, 
and selected physical properties of flowable purple-fleshed sweet potato 
purees. J Food Sci. 73, 215-221. 

Stojceska, V. and Ainsworth, P. (2008). The effect of different enzymes on the 
quality of high-fibre enriched brewer's spent grain breads. Food Chem., 
110, 865-872. 

Suda, I., Oki, T., Masuda, M., Kobayashi, M., Nishiba, Y. and Furuta, S. (2003). 
Physiological functionality of purple-fleshed sweet potatoes containing 
anthocyanins and their utilization in foods. Japan Agricultural Research 
Quarterly, 37, 167-173. 

Sun, D.W. (2014). Emerging technologies for food processing. Ireland: Academic 
Press. 

Sun, C., Fan, S., Wang, X., Lu, J., Zhang, Z., Wu, D., Shan, Q. and Zheng, Y. 
(2015). Purple sweet potato color inhibits endothelial premature 

124 



senescence by blocking the NLRP3 inflammasome. J Nutr. Biochem., 26, 
1029-1040. 

Talburt, W.F., Schwimmer, S. and Burr, H.K. (1987). Structure and chemical 
composition of the potato tuber. In Potato processing. Talburt W.F. and 
Smith, 0. Ed. New York: Van Nostrand Reinhold. 

Tan, S.L., Mooi, K.C., Engku Ismail, E.A. and Vimala, P. (2000). Sweet potato 
in the marginal soils environment of Malaysia. In Sweet potato in tropical 
Asia, Rasco E.T. and Amante V.dR. Ed. Philippine: Philippine Council for 
Agriculture, Forestry and Natural Resources Research and Development, 
Department of Science and Technology. 

Tan, F.J., Liao, F.Y., Jhan, Y.J. and Liu, D.C. (2007). Effect of replacing pork 
backfat with yams (Dioscorea alata) on quality characteristics of Chinese 
sausage. J Food Eng., 79, 858-863. 

Tang, Y., Cai, W. and Xu, B. (2015). Profiles of phenolics, carotenoids and 
antioxidative capacities of thermal processed white, yellow, orange and 
purple sweet potatoes grown in Guilin, China. Food Sci. Human Wellness, 
4, 123-132. 

Tara, F., Rayman, M.P. and Boskabadi, H. (2010). Prooxidant-antioxidant 
balance in pregnancy: a randomized double-blind placebo-controlled trial 
of selenium supplementation. Perinat. Med. , 5, 473-478. 

Tarko, T., Duda-Chodak, A. and Zajac, N. (2013). Digestion and absorption of 
phenolic compounds assessed by in vitro simulation methods. A review. 
Roczniki Panstwowego Zakladu Higieny, 64, 79-84. 

Tecson-Mendoza, E.M. (2007). Development of functional foods m the 
Philippines. Food Sci. Technol. Res., 13, 179-186. 

Teow, C.C., Truong, V., McFeeters, R.F., Thompson R.L., Pecota, K.V. and 
Y encho, G.C. (2007). Antioxidant activities, phenolic and B-carotene 
contents of sweet potato genotypes with varying flesh colours. Food Chem., 
103, 829-838. 

Terahara, N., Konczak, I., Ono, H., Yoshimoto, M. and Yamakawa, 0. (2004). 
Characterization of acylated anthocyanins in callus induced from storage 
root of purple-fleshed sweet potato, Ipomoea batatas L. J 
Microencapsulation, 18, 199-209. 

Thomas, D.J. and Atwell, W.A. (1997). Starches. St. Paul: Eagan Press. 

125 



Tian, J., Chen, J., Lv, F., Chen, S., Chen, J., Liu, D. and Ye, X. (2015). Domestic 
cooking methods affect the phytochemical composition and antioxidant 
activity of purple-fleshed potatoes. Food Chem., doi. 
http://dx.doi.org/10.1016/j.foodchem.2015.11.049. 

Tierno, R., Hornero-Mendez, D., Gallardo-Guerrero, L., Lopez-Pardo, R. and 
Ruiz de Galarreta, J.I. (2015). Effect of boiling on the total phenolic, 
anthocyanin, and carotenoid concentrations of potato tubers from selected 
cultivars and introgressed breeding lines from native potato species. J 
Food Comp. Anal., 41, 58-65. 

Troung, V.D., Hu, Z., Thompson, R.L., Yencho, G.C. and Pekota, K.V. (2012). 
Pressurized liquid extraction and quantification of anthocyanins in purple­
fleshed sweet potato genotypes. J Food Comp. Anal., 26, 96-103. 

Tsuda, T. (2012). Dietary anthocyanin-rich plants: biochemical basis and recent 
progress in health benefits studies. Mal. Nutr. Food Res., 56, 159-170. 

Ur-Rehman, Z., Farzana, H. and Shah, W.H. (2004). Utilization of potato peels 
extract as a natural antioxidant in soy bean oil. Food Chem., 85, 215-220. 

Van Hal, M. (2000). Quality of sweet potato flour during processing and storage. 
J. Food Rev. Int., 16, 1-37. 

Van Jaarsveld, P.J., Marais, D., Harmse, E., Nestel P. and Rodriguez-Amaya, 
D.B. (2006). Retention of �-carotene in boiled, mashed orange-fleshed 
sweet potato. J Food Comp. Anal., 19, 321-329. 

Vansanthan, T., Bergthaller, W., Driedger, D., Yeung, J. and Sporns, P. (1999). 
Starch from Alberta potatoes: wet-isolation and some physicochemical 
properties. Food Res. Int., 32, 355-365. 

Wang, Y.J., Zheng, Y.L., Lu, J., Chen, G.Q., Wang, X.H., Feng, J., Ruan, J., 
Sun, X., Li, C.X. and Sun, Q.J. (2010). Purple sweet potato suppresses 
lipopolysaccharide-induced acute inflammatory response in mouse brain. 
Neurochem. Int., 56, 424-430. 

Wang, Y., Liu, F., Cao, X., Chen, F., Hu, X. and Liao, X. (2012). Comparison of 
high hydrostatic pressure and high temperature short time processing on 
quality of purple sweet potato nectar. Innovative Food Sci. and Emerging 
Tech., 16, 326-334. 

Wang, S., Karrech, A., Regenauer-Lieb, K. and Chakrabati-Bell, S. (2013). 
Digital bread crumb: creation and application. J Food Eng., 116, 852-861. 

Wieser, H. (2007). Chemistry of gluten proteins. Food Micro., 24, 115-119. 

126 



Woolfe, J.A. (1992). "Sweet potato: an untapped food resource." Cambridge 
University Press, Great Britain. 

Wong, Y.Y., Moon, A., Duffin, R., Barthet-Barateig, A., Meijer, H.A., Clemens, 
M.J. and Moor, C.H. (2010). Cordycepin inhibits protein synthesis and 
cell adhesion through effects on signal transduction. J Biol. Chem., 285, 
2610-2621. 

Wu, Q., Qu, H., Jia, J., Kuang, C., Wen, Y., Yan, H. and Gui, Z. (2015). 
Characterization, antioxidant, and antitumor activities of polysaccharides 
from purple sweet potato. Carbohydrate Polymers, 132, 31-40. 

Xu, J., Su, X., Lim, S., Griffin, J., Carey, E., Katz, B., Tomich, J., Smith, J.S. 
and Wang, W. (2015). Characterization and stability of anthocyanins in 
purple-fleshed sweet potato P40. Food Chem., 186, 90-96. 

Yamakawa, 0. and Yoshimoto, M. (2002). Sweet potato as food material with 
physiological functions. ISHS Acta Horticulturae, 583, 179-185. 

Yamauchi, H., Ichinose, Y., Takata, K., Iriki, N. and Kuwahara, T. (2000). 
Simple estimation of bread-making quality of wheat flour by modified 
expansion test under reduced pressure. Nihon Shokuhin Kagaku Kogaku 
Kaishi, 47, 46-49 (in Japanese). 

Yamauchi, H., Nishio, Z., Takata, K., Oda, Y., Yamaki, K., Ishida, N. and 
Miura, H. (2001). The bread-making quality of a domestic flour blended 
with an extra strong flour and staling of the bread made from the blended 
flour. Food Sci. Technol. Res., 7, 120-125. 

Yamauchi, H., Noda, T., Matsuura-Endo, C., Takigawa, S., Saito, K., Oda, Y., 
Funatsuki, W., Iriki, N. and Hashimoto, N. (2004a). Bread-making 
quality of wheat/rice flour blends. Food Sci. Technol. Res., 10, 247-253. 

Yamauchi, H., Noda, T., Matsuura-Endo, C., Takigawa, S., Saito, K., Oda, Y., 
Funatsuki, W. and Hashimoto, N. (2004b ). Improving the utility of potato 
pulp for bread-making by fermentation with Rhizopus oryzae. Food Sci. 
Technol. Res., 10, 314-319. 

Yamauchi, H., Yamada, D., Murayama, D., Santiago, D.M., Orikasa, Y., 
Koaze, H., Nakaura, Y., Inouchi, N. and Noda, T. (2014). The staling 
and texture of bread made using the Yudane dough method. Food Sci. 
Technol. Res., 20, 1017-1078. 

Yang, J. and Gadi, R.L. (2008). Effects of steaming and dehydration on 
anthocyanins, antioxidant activity, total phenols and color characteristics 
of purple-fleshed sweet potatoes (Jpomoea batatas). Am. J Food Technol., 

127 



3, 224-234. 

Yeh, A.I., Chan, T .Z. and Chuang, G.C.C. (2009). Effect of water content and 
mucilage on physico-chemical characteristics of yam (Dioscorea alata 
Purpurea) starch. J Food Eng., 95, 106-114. 

Yusuph, M., Tester, R.F., Ansell, R. and Snape, C.E. (2003). Composition and 
properties of starches extracted from tubers of different potato varieties 
grown under the same environmental conditions. Food Chem., 82, 283-289. 

Zaidul, I.S.M., Norulaini, N.A.N., Omar, A.K.M., Yamauchi, H. and Noda, T. 
(2007). RV A analysis of mixtures of wheat and potato, sweet potato, yam 
and cassava starches. Carbohydrates Polymers, 69, 784-791. 

Zhang, Z.F., Fan S.H., Zheng, Y.L., Lu, J., Wu, D.M., Shan, Q. and Hu, B. 
(2009). Purple sweet potato color attenuates oxidative stress and 
inflammatory response induced by D-galactose in mouse liver. Food Chem. 
Toxicol., 47, 496-501. 

Zhang, Z.F., Lu, J., Zheng, Y., Hu, B., Fan S.H., Wu, D.M., Zheng, Z., Shan, 
Q. and Liu, C. (2010). Purple sweet potato color protects mouse liver 
against D-galactose-induced apoptosis via inhibiting caspase-3 activation 
and enhancing PI3K/Akt pathway. Food Chem. Toxicol., 48, 2500-2507. 

Zhang, Z.F., Lu, J., Zheng, Y., Wu, D.M., Hu, B., Shan, Q., Cheng, W., Li, 
M.Q. and Sun, Y.Y. (2013). Purple sweet potato color attenuates insulin 
resistance via blocking oxidative stress and endoplasmic reticulum stress 
in high-fat-diet-treated mice. J Nutr. Biochem., 24, 1008-1018. 

Zhao, J., Yan, Q.Q., Xue, R.Y., Zhang, J. and Zhang, Y.Q. (2014). Isolation and 
identification of colourless caffeoyl compounds in purple sweet potato by 
HPLC-DAD-ESI/MS and their antioxidant activities. Food Chem., 161, 
22-26. 

Zheng, W. and Clifford, M.N. (2008). Profiling the chlorogenic acids of sweet 
potato (Jpomoea batatas) from China. Food Chem., 106, 147-152. 

URL Cited 

i) http://cipotato.org/potato-2/#sthash.4pausiHT.dpuf. October, 2015 

ii) http://faostat3.fao.org/download/O/OC/E. October, 2015 

iii) http://cipotato.org/sweetpotato/facts-2/ (July 17, 2014) 

128 



ACKNOWLEDGMENTS 

This thesis manuscript was made possible due to the valuable support of 
countless people and organizations throughout the conduct of this research. My 
sincerest gratitude and deep appreciation goes to: 

The Hitachi Global Foundation for the scholarship grant and for generously 
supporting my endeavors for the whole duration of this doctoral program, 

The Institute of Food Science and Technology (IFST), College of 
Agriculture, University of the Philippines Los Banos for granting a study leave 
program, 

Dr. Hiroaki Yamauchi, for his supervision, sharing valuable suggestions and 
technical expertise. Dr. Hiroshi Koaze, for his guidance and constructive 
comments. Dr. Takeshi Nagai, for his concern and encouragement. Dr. Makoto 
Miura for his valuable comments and suggestions on the content of this manuscript. 

The members of the Food Technology Laboratory, for providing a beautiful 
atmosphere for learning and relentless assistance to academic and daily life. 

The Obihiro University International Student Association (OUISA), for 
the enjoyable events we shared and support to carry on my academic life. 
Murayama san, Nana san, Hector san, Oniishi san, N aomy san, Ohwada sensei, 
Kasuko san, Hasegawa san, and Chiba san, thank you all for your unconditional 
help and genuine concern. 

The staff of the Education Affairs Section of Obihiro University of 
Agriculture and Veterinary Medicine, United Graduate School of Agricultural 
Sciences, Iwate University and Tokachi International Relations Center for their 
consistent support that makes our life in Japan comfortable and enjoyable. 

My wife, Christine, for her love, patience and help in editing my paper. To 
my daughter Keona Martine Grace, you are the greatest blessing and most 
understanding child in the world. I love you. 

My Family in the Philippines, especially to my Daddy and Inay, for their 
unconditional love. To Aisa, Nica, Migs, Al and Daniel for the love, support and 
help. 

Ultimately, to my Lord and Savior Jesus Christ, for granting all my prayers 
and making all things possible. 

And to those who in one way or another have made the completion of this work 
possible. Thank you very much. 

129 


	SANTIAGO-Dennis-Marvin-Opena-2016-A_ページ_001
	SANTIAGO-Dennis-Marvin-Opena-2016-A_ページ_002
	SANTIAGO-Dennis-Marvin-Opena-2016-A_ページ_003
	SANTIAGO-Dennis-Marvin-Opena-2016-A_ページ_004
	SANTIAGO-Dennis-Marvin-Opena-2016-A_ページ_005
	SANTIAGO-Dennis-Marvin-Opena-2016-A_ページ_006
	SANTIAGO-Dennis-Marvin-Opena-2016-A_ページ_007
	SANTIAGO-Dennis-Marvin-Opena-2016-A_ページ_008
	SANTIAGO-Dennis-Marvin-Opena-2016-A_ページ_009
	SANTIAGO-Dennis-Marvin-Opena-2016-A_ページ_010
	SANTIAGO-Dennis-Marvin-Opena-2016-A_ページ_011
	SANTIAGO-Dennis-Marvin-Opena-2016-A_ページ_012
	SANTIAGO-Dennis-Marvin-Opena-2016-A_ページ_013
	SANTIAGO-Dennis-Marvin-Opena-2016-A_ページ_014
	SANTIAGO-Dennis-Marvin-Opena-2016-A_ページ_015
	SANTIAGO-Dennis-Marvin-Opena-2016-A_ページ_016
	SANTIAGO-Dennis-Marvin-Opena-2016-A_ページ_017
	SANTIAGO-Dennis-Marvin-Opena-2016-A_ページ_018
	SANTIAGO-Dennis-Marvin-Opena-2016-A_ページ_019
	SANTIAGO-Dennis-Marvin-Opena-2016-A_ページ_020
	SANTIAGO-Dennis-Marvin-Opena-2016-A_ページ_021
	SANTIAGO-Dennis-Marvin-Opena-2016-A_ページ_022
	SANTIAGO-Dennis-Marvin-Opena-2016-A_ページ_023
	SANTIAGO-Dennis-Marvin-Opena-2016-A_ページ_024
	SANTIAGO-Dennis-Marvin-Opena-2016-A_ページ_025
	SANTIAGO-Dennis-Marvin-Opena-2016-A_ページ_026
	SANTIAGO-Dennis-Marvin-Opena-2016-A_ページ_027
	SANTIAGO-Dennis-Marvin-Opena-2016-A_ページ_028
	SANTIAGO-Dennis-Marvin-Opena-2016-A_ページ_029
	SANTIAGO-Dennis-Marvin-Opena-2016-A_ページ_030
	SANTIAGO-Dennis-Marvin-Opena-2016-A_ページ_031
	SANTIAGO-Dennis-Marvin-Opena-2016-A_ページ_032
	SANTIAGO-Dennis-Marvin-Opena-2016-A_ページ_033
	SANTIAGO-Dennis-Marvin-Opena-2016-A_ページ_034
	SANTIAGO-Dennis-Marvin-Opena-2016-A_ページ_035
	SANTIAGO-Dennis-Marvin-Opena-2016-A_ページ_036
	SANTIAGO-Dennis-Marvin-Opena-2016-A_ページ_037
	SANTIAGO-Dennis-Marvin-Opena-2016-A_ページ_038
	SANTIAGO-Dennis-Marvin-Opena-2016-A_ページ_039
	SANTIAGO-Dennis-Marvin-Opena-2016-A_ページ_040
	SANTIAGO-Dennis-Marvin-Opena-2016-A_ページ_041
	SANTIAGO-Dennis-Marvin-Opena-2016-A_ページ_042
	SANTIAGO-Dennis-Marvin-Opena-2016-A_ページ_043
	SANTIAGO-Dennis-Marvin-Opena-2016-A_ページ_044
	SANTIAGO-Dennis-Marvin-Opena-2016-A_ページ_045
	SANTIAGO-Dennis-Marvin-Opena-2016-A_ページ_046
	SANTIAGO-Dennis-Marvin-Opena-2016-A_ページ_047
	SANTIAGO-Dennis-Marvin-Opena-2016-A_ページ_048
	SANTIAGO-Dennis-Marvin-Opena-2016-A_ページ_049
	SANTIAGO-Dennis-Marvin-Opena-2016-A_ページ_050
	SANTIAGO-Dennis-Marvin-Opena-2016-A_ページ_051
	SANTIAGO-Dennis-Marvin-Opena-2016-A_ページ_052
	SANTIAGO-Dennis-Marvin-Opena-2016-A_ページ_053
	SANTIAGO-Dennis-Marvin-Opena-2016-A_ページ_054
	SANTIAGO-Dennis-Marvin-Opena-2016-A_ページ_055
	SANTIAGO-Dennis-Marvin-Opena-2016-A_ページ_056
	SANTIAGO-Dennis-Marvin-Opena-2016-A_ページ_057
	SANTIAGO-Dennis-Marvin-Opena-2016-A_ページ_058
	SANTIAGO-Dennis-Marvin-Opena-2016-A_ページ_059
	SANTIAGO-Dennis-Marvin-Opena-2016-A_ページ_060
	SANTIAGO-Dennis-Marvin-Opena-2016-A_ページ_061
	SANTIAGO-Dennis-Marvin-Opena-2016-A_ページ_062
	SANTIAGO-Dennis-Marvin-Opena-2016-A_ページ_063
	SANTIAGO-Dennis-Marvin-Opena-2016-A_ページ_064
	SANTIAGO-Dennis-Marvin-Opena-2016-A_ページ_065
	SANTIAGO-Dennis-Marvin-Opena-2016-A_ページ_066
	SANTIAGO-Dennis-Marvin-Opena-2016-A_ページ_067
	SANTIAGO-Dennis-Marvin-Opena-2016-A_ページ_068
	SANTIAGO-Dennis-Marvin-Opena-2016-A_ページ_069
	SANTIAGO-Dennis-Marvin-Opena-2016-A_ページ_070
	SANTIAGO-Dennis-Marvin-Opena-2016-A_ページ_071
	SANTIAGO-Dennis-Marvin-Opena-2016-A_ページ_072
	SANTIAGO-Dennis-Marvin-Opena-2016-A_ページ_073
	SANTIAGO-Dennis-Marvin-Opena-2016-A_ページ_074
	SANTIAGO-Dennis-Marvin-Opena-2016-A_ページ_075
	SANTIAGO-Dennis-Marvin-Opena-2016-A_ページ_076
	SANTIAGO-Dennis-Marvin-Opena-2016-A_ページ_077
	SANTIAGO-Dennis-Marvin-Opena-2016-A_ページ_078
	SANTIAGO-Dennis-Marvin-Opena-2016-A_ページ_079
	SANTIAGO-Dennis-Marvin-Opena-2016-A_ページ_080
	SANTIAGO-Dennis-Marvin-Opena-2016-A_ページ_081
	SANTIAGO-Dennis-Marvin-Opena-2016-A_ページ_082
	SANTIAGO-Dennis-Marvin-Opena-2016-A_ページ_083
	SANTIAGO-Dennis-Marvin-Opena-2016-A_ページ_084
	SANTIAGO-Dennis-Marvin-Opena-2016-A_ページ_085
	SANTIAGO-Dennis-Marvin-Opena-2016-A_ページ_086
	SANTIAGO-Dennis-Marvin-Opena-2016-A_ページ_087
	SANTIAGO-Dennis-Marvin-Opena-2016-A_ページ_088
	SANTIAGO-Dennis-Marvin-Opena-2016-A_ページ_089
	SANTIAGO-Dennis-Marvin-Opena-2016-A_ページ_090
	SANTIAGO-Dennis-Marvin-Opena-2016-A_ページ_091
	SANTIAGO-Dennis-Marvin-Opena-2016-A_ページ_092
	SANTIAGO-Dennis-Marvin-Opena-2016-A_ページ_093
	SANTIAGO-Dennis-Marvin-Opena-2016-A_ページ_094
	SANTIAGO-Dennis-Marvin-Opena-2016-A_ページ_095
	SANTIAGO-Dennis-Marvin-Opena-2016-A_ページ_096
	SANTIAGO-Dennis-Marvin-Opena-2016-A_ページ_097
	SANTIAGO-Dennis-Marvin-Opena-2016-A_ページ_098
	SANTIAGO-Dennis-Marvin-Opena-2016-A_ページ_099
	SANTIAGO-Dennis-Marvin-Opena-2016-A_ページ_100
	SANTIAGO-Dennis-Marvin-Opena-2016-A_ページ_101
	SANTIAGO-Dennis-Marvin-Opena-2016-A_ページ_102
	SANTIAGO-Dennis-Marvin-Opena-2016-A_ページ_103
	SANTIAGO-Dennis-Marvin-Opena-2016-A_ページ_104
	SANTIAGO-Dennis-Marvin-Opena-2016-A_ページ_105
	SANTIAGO-Dennis-Marvin-Opena-2016-A_ページ_106
	SANTIAGO-Dennis-Marvin-Opena-2016-A_ページ_107
	SANTIAGO-Dennis-Marvin-Opena-2016-A_ページ_108
	SANTIAGO-Dennis-Marvin-Opena-2016-A_ページ_109
	SANTIAGO-Dennis-Marvin-Opena-2016-A_ページ_110
	SANTIAGO-Dennis-Marvin-Opena-2016-A_ページ_111
	SANTIAGO-Dennis-Marvin-Opena-2016-A_ページ_112
	SANTIAGO-Dennis-Marvin-Opena-2016-A_ページ_113
	SANTIAGO-Dennis-Marvin-Opena-2016-A_ページ_114
	SANTIAGO-Dennis-Marvin-Opena-2016-A_ページ_115
	SANTIAGO-Dennis-Marvin-Opena-2016-A_ページ_116
	SANTIAGO-Dennis-Marvin-Opena-2016-A_ページ_117
	SANTIAGO-Dennis-Marvin-Opena-2016-A_ページ_118
	SANTIAGO-Dennis-Marvin-Opena-2016-A_ページ_119
	SANTIAGO-Dennis-Marvin-Opena-2016-A_ページ_120
	SANTIAGO-Dennis-Marvin-Opena-2016-A_ページ_121
	SANTIAGO-Dennis-Marvin-Opena-2016-A_ページ_122
	SANTIAGO-Dennis-Marvin-Opena-2016-A_ページ_123
	SANTIAGO-Dennis-Marvin-Opena-2016-A_ページ_124
	SANTIAGO-Dennis-Marvin-Opena-2016-A_ページ_125
	SANTIAGO-Dennis-Marvin-Opena-2016-A_ページ_126
	SANTIAGO-Dennis-Marvin-Opena-2016-A_ページ_127
	SANTIAGO-Dennis-Marvin-Opena-2016-A_ページ_128
	SANTIAGO-Dennis-Marvin-Opena-2016-A_ページ_129
	SANTIAGO-Dennis-Marvin-Opena-2016-A_ページ_130
	SANTIAGO-Dennis-Marvin-Opena-2016-A_ページ_131
	SANTIAGO-Dennis-Marvin-Opena-2016-A_ページ_132
	SANTIAGO-Dennis-Marvin-Opena-2016-A_ページ_133
	SANTIAGO-Dennis-Marvin-Opena-2016-A_ページ_134
	SANTIAGO-Dennis-Marvin-Opena-2016-A_ページ_135
	SANTIAGO-Dennis-Marvin-Opena-2016-A_ページ_136
	SANTIAGO-Dennis-Marvin-Opena-2016-A_ページ_137
	SANTIAGO-Dennis-Marvin-Opena-2016-A_ページ_138
	SANTIAGO-Dennis-Marvin-Opena-2016-A_ページ_139



