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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

viii



related to its natural dark purple color. PSPP-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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Table 3.6. Saccharide content in water soluble fraction of breads"”

Bread Making Glucose Fructose Maltose Reducing Saccharide Total Saccharide
Treatments (mg/g bread) (mg/g bread) (mg/g bread) (mg/g bread) (mg/g bread)
Control 5.91+0.09 a 11.35+0.15 a 24.21+0.71 a 35.42+0.70 a 70.12+1.08 a
+PSPP 7.01£0.09 b 11.59+0.24 ab  29.22+1.39b 45.83+0.56 b 82.54+1.24 b
+PSPP+AM+HC 7.574£0.03 ¢ 11.81£0.12 b 42.21+0.65 ¢ 64.03+0.28 ¢ 115.93+0.67 ¢

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

DEach value is the mean + SD. The values followed by different letters within columns are significantly different
(p <0.05).
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Fig. 3.5. Electron microscope photographs of dough just after mixing

a) Control without elution, b) Control with elution, ¢) +PSPP without elution, d) +PSPP with
elution, €) +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. 3.5d), 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, ¢ 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. 3.6¢) 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. 3.6f) compared to the control and PSPP dough.

Figure 3.7a, ¢ and e show images of non-eluted bread just after baking,
wherein the swollen 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. 3.7f) 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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Fig. 3.6. Electron microscope photographs of dough just after proofing

a) Control without elution, b) Control with elution, ¢) +PSPP without elution, d) +PSPP with
elution, €) +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, ¢) +PSPP without elution, d) +PSPP with
elution, €) +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

66



L9

Table 3.7. Sensory properties of PSPP substituted bread"

B??;Xniftzg Color SWZ::)E; tato Sweﬂe; \f)c:)rtato Hardness Elasticity = Cohesiveness acggzsﬂity
Control 1.00+0.00a 1.23+0.25a  1.56+0.28 a 5.18+0.34b 5.05+0.31a 5.33+041a 6.69+£0.36a
+PSPP 544+046b 4.61£027b  4.96+0.46b 597+0.28 ¢ 5.36+024a 5.73+0.32a 6.56+0.65a

+PSPP+AM+HC 5.294+0.18b 4.50+0.38 b  5.00£0.60b  3.25+0.14a 5.12+0.37a 4.9240.26a 8.08+0.23 b

Abbreviations: PSPP, purple sweet potato powder; AM, a-amylase; HC, hemicellulase
YEach 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, 1-no purple to 9-extremely purple; sweet potato aroma, 1-not

perceivable to 9-extremely strong; sweet potato flavor, 1-not perceivable to 9-extremely strong; hardness, 1-extremely soft to
9-extremely hard; elasticity, 1-extremely low to 9-extremely high; cohesiveness, 1-extremely low to 9-extremely high; overall
acceptability, 1-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 ef 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 of PSPP (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 ef al. 2001; Palacios et al. 2004; Goesaert et al. 2009;
Gomes-Ruft 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 ez al. 1991).
The same increase in RF was observed by Yamauchi er 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; Caballero 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 all 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 ef 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. 3.5d 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 er 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 er 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 ef 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 ef 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 ef 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 (D and

@, respectively.

B-R
CWG(%)=

CDML(%)=
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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.1) at a speed of 0.5mm/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.1) and ruptured crosswise at a speed of Smm/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 min 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 (1-extremely soft to 9-extremely hard),
elasticity (1-extremely low to 9-extremely high), cohesiveness (1-extremely low to
9-extremely high) and overall acceptability (1-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 (»<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!

1Vertical bars indicate the standard deviation of each mean value. The data points followed by different
letters within series are significantly different (»<0.05).

Abbreviations: PSPP, purple sweet potato powder
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Fig. 4.2. Cooking properties of fresh pastas!
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The data points followed by different letters within series are significantly different (2<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
(»<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")

Pasta

Raw Boiled for 3 min Boiled for 7 min
Treatment
Hardness (N)

Control 6.25£0.15¢,B 0.74+0.01 d, A 0.68+£0.008 d, A
2.5% PSPP 426+0.11b,C 0.71+0.01 ¢, B 0.63£0.01c, A
5.0% PSPP 3.524#0.09 a,C 0.71+£0.007 ¢, B 0.61£0.01 ¢, A
7.5% PSPP 3.51£0.12 a,B 0.65+£0.01 b, A 0.60£0.004 b, A

10% PSPP 3.44+0.05a,C 0.62+0.01 a, B 0.58+£0.01 a, A
Cohesiveness (-)

Control 0.53+0.03 ¢, A 0.67+0.007 b, B 0.72+0.01 b, C
2.5% PSPP 0.44+0.04 b, A 0.67£0.01 b, B 0.71£0.01 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 0.41+0.005 ab, A 0.66£0.01 ab, B 0.70£0.01 ab, C
10% PSPP 0.39+0.008 a, A 0.65+0.01 a, B 0.69+0.02 a, C

Elasticity (-)

Control 0.58+£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
5.0% 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
10% PSPP 0.77+0.007 c, A 0.97+£0.02 a, B 1.00£0.01 a, C

Gumminess (N)

Control 3.30+0.11 d,B 0.50+0.01d, A 0.49+0.006 d, A
2.5% PSPP 1.85£0.17 ¢, B 0.47+0.005 ¢, A 0.45+0.02 ¢, A
5.0% PSPP 1.54+0.02 b, C 0.47+0.009 ¢, B 0.4440.01 ¢, A
7.5% PSPP 1.43+£0.06 ab, B 0.43+0.008 b, A 0.42+0.008 b, A
10% PSPP 1.36+0.04 a, B 0.40£0.02 a, A 0.40+0.01 a, A

Chewiness (-)

Control 1.92+0.07 ¢,B 0.48+0.01 d, A 0.49+£0.005d, A
2.5% PSPP 1.26+0.11b,B 0.45+0.006 ¢, A 0.4440.01 ¢, A
5.0% PSPP 1.19£0.02 b, C 0.450.007 ¢, B 0.44£0.004 c, A
7.5% PSPP 1.09+0.03 a, B 0.41+0.009b, A 0.42+0.006 b, A
10% PSPP 1.04+£0.03 a,B 0.39£0.01 a, A 0.40+£0.008 a, A

Thickness (mm)

Control 1.10+£0.02 a, A 1.32+0.009 a, B 1.4240.01 a, C
2.5% PSPP 1.124+0.009 ab, A 1.39+£0.004 b, B 1.46+0.008 b, C
5.0% PSPP 1.13£0.09 b, A 1.39+£0.02 b, B 1.47+£0.01 b, C
7.5% PSPP 1.1940.008 c, A 1.43+£0.01 ¢, B 1.49+0.006 ¢, C
10% PSPP 1.19£0.007 c, A 1.45+0.009 c, B 1.53+£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
(»<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
(»<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

Pasta Raw Boiled for 3 min Boiled for 7 min
Treatment
RF (N)

Control 15.76+0.13 ¢, B 2.4240.02d, A 2.40+0.03 ¢, A
2.5% PSPP 13.44+0.18 b, C 232+0.04 ¢, B 2.14+0.06 b, A
5.0% PSPP 13.31£0.05 b, C 2.20+0.07 b, B 2.06+0.05 a, A
7.5% PSPP 13.01+£0.02 a, C 2.19+0.04 b, B 2.05+0.06 a, A
10% PSPP 12.90+0.14 a, B 2.11£0.02 a, A 2.03+0.03 a, A

RE (J)

Control 2.25x107°+4.1x10° d, C 1.11x107+1.37x107° b, B 1.03x107+6.13x10° d, A
2.5% PSPP 3.61x107+4.53x107 ¢, C 1.04x107+3.08x10™ a, B 981x10™+1.43x107 ¢, A
5.0% PSPP 3.56x107+4.92x107 be, C 1.04x107+5.05x10° a, B 9.46x107*+3.60x10° b, A
7.5% PSPP 3.51x107°£1.91x107 ab, C 1.04x107+7.69x10° a, B 9.38x107+1.28x107° ab, A
10% PSPP 3.50x107°+3.77x107 a, C 1.03x107°£2.22x107 a, B 9.20x107*+1.84x10™ a, A

RD (mm)

Control 1.00+£0.01 a, A 1.13+0.00a,B 1.26+0.01 a, C
2.5% PSPP 1.00£0.00 a, A 1.21+0.02 b, B 1.2940.00 b, C
5.0% PSPP 1.02+0.02 ab, A 1.23+0.00 ¢, B 1.29+0.02 b, C
7.5% PSPP 1.02+0.02 ab, A 1.23+0.01 ¢, B 1.2940.02 b, C
10% PSPP 1.0240.00 b, A 1.23+0.01 ¢, B 1.30+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

(»<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 "

Pasta Raw Boiled for 3 min ~ Boiled for 7 min

Treatment

L* value

Control 78.1820.96 ¢, A 78.03+0.34 ¢, A 79.24+0.36 ¢, B
2.5%PSPP  56.25+0.41d,A 60.25+0.49d, B 63.94+0.59 d, C
5.0%PSPP  46.56+£0.57 c, A 51.11+0.48 ¢, B 55.4340.33 ¢, C
7.5%PSPP  41.324+0.50 b, A 45.53+0.74 b, B 49.7940.70 b, C
10%PSPP  38.61+0.58 a, A 41.06+0.62 a,B 46.53+0.76 a, C

a* value

Control -2.30+0.22a,B -3.5940.04 a, A -3.61+£0.03 a, A
2.5%PSPP  15.044+0.33b,C 9.62+0.33 b,B 5.89+0.22 b, A
5.0%PSPP  19.48+0.60 ¢, C 16.36+0.18 ¢, B 11.10£0.33 ¢, A
7.5%PSPP  21.52+0.53d,B 21.14+0.43 d,B 16.40+0.62 d, A
10%PSPP  21.77+0.36d,B 22.37+¢0.59 ¢, C 18.08+0.45 ¢, A

b* value

Control 22.41+0.89 ¢, C 13.77+£0.23 ¢, B 11.75£0.27 e, A
2.5% PSPP 1.16+£0.08 d,B 0.67+£0.20 d, A 1.10+0.12d,B
5.0%PSPP  -4.88+0.10¢,B -5.36+0.12 ¢, A -4.9240.10 ¢, B
7.5%PSPP  -7.12+0.10b,C -8.69+0.16 b, A -8.43£0.09 b,B
10% PSPP -8.194+0.13 a,C -10.71+0.09 a, A  -10.41+0.16 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 of redness 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
(»<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 (»<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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Fig. 4.3. Images of raw and boiled fresh pasta
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Table 4.4. Sensory properties of boiled fresh pasta supplemented with pSpPp"

Pasta Purple Sweet Potato  Sweet Potato .. ) Overall

Hardness Elasticity = Cohesiveness .
Treatments Color Aroma Flavor acceptablity
Control 1.00£0.00a  1.00£0.00a  1.00£0.00a 5.65£0.53 ¢ 4.97+0.71a 5.18+0.25a 5.39+£0.38 ¢
2.5% PSPP  293+0.50b  2.27+0.56b  2.284049b 4.07+0.40b 4.86+0.39a 5.17+0.40a 4.22+0.35a
5.0% PSPP  4.91+£0.35¢  2.29+0.45b  3.42+0.75c¢ 3.94+047b 4.83£0.35a 4.98+0.37a 4.81+0.45b
7.5% PSPP  7.67+0.44d  3.4240.72c¢  3.89+0.46d 3.69£0.39b 4.92+0.59a 5.11£0.65a 6.00+0.45d
10% PSPP  8.48+0.49e¢  3.81+0.81c  4.44+0.40e 3.08+0.56a 4.86+0.54a 4.9840.32a 5.14+0.32 bc

YEach 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, 1-not
perceivable to 9-extremely strong; sweet potato flavor, 1-not perceivable to 9-extremely strong; hardness, 1-extremely soft
to 9-extremely hard; elasticity, 1-extremely low to 9-extremely high; cohesiveness, 1-extremely low to 9-extremely high;

overall acceptability, 1-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 PSPP-supplemented fresh pasta with their CDML with
correlation coefficients of -0.667 and -0.985 (p<0.01) 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 PSPP-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 e 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 ez 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 of raw
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 PSPP-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 er 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 er 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 ef 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% PSPP-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

94



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 ef 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

processing.
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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, PSPP-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 SLV 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

98



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

BE20FIZENNT., HEEHERORHEIX., EEIC—KNIZHE--, §B. BRIC
WNITBEEEDERF, TEEFDB-ITHLITLHL, FBICHAT IR, ARDEEE
NDHELAEL TS, ERTF b, YA, R/ —FRTFFOESIGERYEHS DL
EMDOEENBRDEEDE=HICTTAIATE Y. ThIX. ThOHIEEMIZRER
BEFUNTZY, HAOF /A FE, 7/ -V ET7I/BENLSEER
DEEETMMEZEEL TSN L TH S, HEEMRBRE LT, IS DIEHYMEE
MiT. RERE. Ak, ENXMMTESNEHBBR/AAVOR— M) —, AKOREIZEL
THEPBELMNZHELDTWS I 7A4 ET I HIIENFESIN-HSTIIEORE:
AlEElIZ T %,

AHETIK NNV EENRRIDOMIICERA— b RT MR (PSPP) ZFAL.
ZTOHE/NNY, BEEEICHT AHRENFMES T,

NLEDOHAENS. PSPPORMESTHREDI SR MNHLINWEEDY 5 L%
Bor-n\unBonhd o=, ZLT. ZNIX. PSP PHIZEEFNSIETHE,
FUoRTZUoBRODEBIZEARLTUL:, LALAEAS, PSPPOFHEMIE. KL
EHDHRGFEEFEE (GRD) E/NXVDHEFE (SLV) #Hz6L. Zhid. PSP
PHOEWMEIET Y T VELHMBSEICESITILT U VRV EENDETICERZRL
Tz, EBIZ. PSPPHEMICK > TEVWMEL (k) 2RI NUARESIh, £
hiE. PSPPHOEREDEET Y I UEEITHESHBEGMIET T ETLT Y
ANV EDHBEERIZCE>TEIZERISNDS, PSPPHEM/NC DK O R LM
HFHBONRVERBETHY .. FhlE, PSP PHOMHEENE LVKMEFMEIZERZRL
TW= D ENB, PSPPHEMIE, E/ANUE, DOBELWVNVDTIRAF Y
—. PREEOEMEOCRERICEET DL LABELNICE S, FNTH, PSPPIE
ARPFOBLULLERTHIETMINTVWEIENLCBFERABERETH S,

—5. PSPPHEMEMZE—TI5—t (AM) POAZIEILTF—H (HC) T
BEL5Z&I2&>T. GRD., A RELEE (GP). SLVAREIN., ThIL,
INOEMBDBETY ToOAIEILO—IAN N UEOBEEBOSILT Ry b
D—ORBEEELGVERE, —F. £)JBICHEICERETHo 1=, AME
HCOERIZ&k > T, A£thhDr[iFHHE. ExhE. &R tEmL. BETTo. 7
SO—XREE. PHBEMHE. BESEBE. ASEALD-—XREENETTEHIEN
BAS M o1,

Ffz. AMEHCOREIZE>T, NUREFODEVEILLERE. ToTUDEIET
VANE—ZL, TIO—XREE. BEAH. B IRILT—, KSORXZRT /AN
Bonht-, CAODHEF. AMEHCIZE MBS E MK BIFEICERLT
BY. ThiF. KBEERETUToZEEMBTEIAMEH COERTEESNDHE
ETER NI VEDEEYHIBERLTWNSEEZEZONS, PSP PAMBRNE/ Y
ICET2BIFLEEORME. BLEBRTYI A Fr—45E., BhiEE., UBEDHER
X, BNV TEIZBITAERA— bRT FOMEMLGRRILKREHET S & E0l5E
12T 3BRFHENVEREICRESE T,

PSPPHEMENRAF, BRADNEHODENRZIZH LT, DIHOMNLIEFIZE
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WEE., BHTIDLHTNERA— b RT FIL—N— bTFMIZFEFLHALDNLE
LMVBRTIRAFYy—, hEEDOHEMLREEEFRLI: . CORMIX. PSPP
DENERIZEFZLTEY.,. —AH. PSPPHEMENRRADE LN THIZEDMEME L
BREM. RESNKEEE. RAKEICERLTWSEEZ DN, COI LI, &R
RADKDEBEEES, BTH, BT RILT—LORBICEHREOBEZERAHD &M
LbEMFTONDE, SBIZ, PSPPIX. &YV FTHAMGEDE/NR 2 MHEICE
RIIEREOMIET T UoEEELTINS, &EMIZ, BEME 5%, 10%PS
PPHEMENRZIDREBEDHEEX, BELELHNREETHY. 7. 5%PSPPH
MENRREZDZENIE, HEBLYPORIFTHo e CHOHDIERNS., PSP PHM
X, BEFOERIZENT. PSPPOSRMFIRILRDELZFAIREICT SRTFHE
NRAAGBIZENZRESE T,

NEDOHEND, LR — FRT bE, AU PERRLIZBEYLBEMNETSHX
ROIEZEMIRENLERRMTHSLZENBELNIZEST-, PSPPOGRMIE.
BNUMPRHEREICEET S IThES. BRULEBO KSR OHADMIZRMIZL
2T, BELGRBEEHIFTEILENAETHD, CORBVT, ¥—F. EFHE. %
LIAVDESBHMDBERBRICE TEIRREELERA—RT FOFEAMNATREIZL S
THA A5, LI, BEPEBRICEITS2EERT MRV LFRMICET 25HELAHAE
SN, BRA— b RT FOFHEE LB SN ERETH D, RERMIZ. 5 TILEEY
HEMRMD /N DERGOMBRIEMEE ZDOMOEEEEIZDOWNT, HEE~DIND
DESOBRRICEAT258AUIEILINDIRETTHD,
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