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ABSTRACT  
 
Noodles are conventionally made with wheat or rice flour, but in order to improve 
their nutritional content, other crops have been successfully used. Purple sweet 
potatoes are an important food and phytochemical source world-wide and have the 
potential for partially substituting wheat or rice in making noodles. The substitution 
of part of the refined wheat flour in noodles with 5, 10, 15 or 20% of purple sweet 
potato flour (PSPF) in noodles was, therefore, tested which resulted in them having 
a darker appearance and an increase its green color. However, these noodles 
required shorter cooking times, but gave lower cooking yields, had higher cooking 
loss and a weaker structure in terms of their texture. These noodles also had a 
slightly increased pH and water activity than noodles made from 100% refined 
wheat flour as well as increased levels of fat, ash, carbohydrate, total anthocyanin 
content, total phenolic content and antioxidant capacity but reduced protein levels 
and moisture content. From the sensory evaluation panel, the addition of purple 
sweet potato flour (PSPF) to the flour had no significant effects on the color, taste 
and overall acceptability of the cooked noodles, although there was a significant 
indication (p>0.05) that the odor increased, elasticity, softness and smoothness all 
decreased with increasing substation of the refined wheat flour with purple sweet 
potato flour (PSPF). The sensory evaluation panel detected no significant 
differences (p>0.05) in the appearance of the noodles whatever the level of 
substation. In terms of microbial contamination, these noodles complied with Thai 
standards for microbiological regulations. The noodles preserved acceptable 
quality for at least 9 days of storage in refrigerator at 4±2oC. Overall, it was 
concluded that enhancing the noodles by substituting 20% of the refined wheat 
flour with purple sweet potato flour (PSPF) would be acceptable to consumers, but 
would also improve their nutritional content. 
 
Key words: Anthocyanin, Antioxidant activity, Purple sweet potato flour, Noodle, 

Sensory acceptability 
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INTRODUTION 
 
Sweet potatoes (Ipomoea batatas L.) are a major food staple grown throughout the 
world, and is the third most important root crop after potatoes and cassava [1]. In 
Asia, China, Indonesia, Vietnam, Philippines and Japan are major producers [2]. It 
plays an important role in food security as well as reportedly being a recommended 
healthy food [3, 4]. FoodData Central [5] gave the analysis of sweet potato per 100 
g of flesh as: 89 calories, 20 g of carbohydrate, 1.57 g of protein, 0.05 g of fat, 3 g 
of fiber and 85.9 mg of beta-carotene. They gave vitamin A as 709 µg, vitamin B1, 
B2, B3, B5 and B6 as 0.078, 0.061, 0.557, 0.800, 0.209 mg, respectively. vitamin 
C as 2.4 mg and vitamin E as 0.26 mg. They gave the mineral content as calcium, 
iron, magnesium, manganese, phosphorus, potassium, sodium and zinc as 30, 
0.610, 25, 0.258, 47, 337, 55 and 0.30 mg, respectively. Four varieties of sweet 
potatoes are recognized based on flesh color: orange, yellow, white and purple [6] 
with the purple and orange varieties containing substantial amounts of 
anthocyanins, which is an important pigment that can prevent deterioration of cells 
and eyes, as well as decreasing of cardiovascular risk, decreasing of stroke, 
preventing blood clots, inhibiting pathogens and Escherichia coli in the 
gastrointestinal tract that can cause diarrhea and food poisoning [7,8]. 
 
The main ingredients of noodles are flour, eggs, salt, sodium bicarbonate and 
water, but there are many kinds of noodles in Thailand which include egg noodles, 
dried noodles, rice noodles and instant noodles [10]. Preparation is by mixing the 
ingredients then threshing and pressing the dough to 2-3 mm thick and cutting it 
into noodles [9]. Previous research has shown that other ingredients can be used 
to replace wheat flour including tamarind seed flour [11], quinoa flour [12] and yam 
flour [13]. Since sweet potato flour is potentially more nutritious than wheat or rice 
flour, which are conventionally used to make noodles, it was decided to test 
whether flour extracted from purple sweet potatoes could be successfully utilized to 
produce noodles that are acceptable to consumers since they would have a higher 
nutritional value and provide a healthy alternative for consumers. Have one 
statement here that captures statement of the problem specific to this study. The 
objectives of this research were therefore to investigate the physical quality, 
cooking quality, chemical composition, sensory characteristics and storage time of 
noodles made from refined wheat partially substituted with purple sweet potato 
flour at various ratios. 
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MATERIALS AND METHODS 
 
Material preparation  
Purple sweet potatoes, grown in Chiang Mai, Thailand, were purchased in the local 
market, then washed thoroughly in flowing water to remove all the adhering soil, 
hand peeled, immersed in sodium chloride (1% concentration) and cut into 2 mm 
thick slices in a slicer machine. Slices were then soaked in a solution containing 
1% sodium metabisulphite and 0.5% citric acid for 30 min, drained and washed in 
running tap water. Slices were then arranged on a wire rack and placed in an 
electric tray dryer at 60oC until the moisture content was 7-8%, which took about 
11 h. The dried slices were ground using an electric blender and sifted in a 
mechanical sieve with a mesh size of 80 mesh sieve (standard mesh size with a 
180 µm nominal sieve opening with a typical wire diameter of 0.125 mm). The 
resulting flour was packaged in aluminum laminated bag and kept in room 
temperature at 25oC until required.  
 
Noodle preparation  
The noodles were prepared according to the method of Uthai et al. [14] as follows. 
The control formula consisted of 200 g of refined wheat flour (United Flour Mill, 
Thailand), 70 g of pasteurized egg (CP brand, Thailand), 70 g of drinking water 
(Crystal, Sermsuk, Thailand), 3 g of sodium bicarbonate (Merck KGaA, Darmstadt, 
Germany) and 3 g of salt (Prung Thip, Thai Refined salt, Thailand). Four variations 
of this formula were prepared by diluting the refined wheat flour with 5, 10, 15, or 
20% of the purple sweet potato flour (PSPF) described above. After mixing, each 
of the five doughs were allowed to rest for 30 min in separate mixing bowls 
covered with cling film. Then each dough was made into noodles by repeatedly 
passing them through a compact noodle hand machine (Marcato Atlas 150, Italy) 
with the distance between the rollers gradually reduced, All the noodles were then 
cut to the necessary length of 25 cm with a sharp knife. 
 
Determination of color 
The Hunter Lab spectrophotometer (Color Quest XE, USA) equipped with a D65 
illuminant using the CIE, L* a* and b* system were used to measure the color of 
both the raw and cooked noodles for each of the five treatments. For these 
measurements, 30 g of each sample was spread on a glass plate and measured at 
3 different places on different parts of each sample. The measurements of 
brightness L* (100=white; 0=black), redness a* (+, red; -, green), and yellowness 
b* (+, yellow; -, blue) were taken directly from the spectrophotometer. Color values 
were determined in triplicate.  
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Cooking analysis   
Optimum cooking time 
The optimum cooking time of noodles was determined using the American 
Association of Cereal Chemists (AACC) technique with slight modifications [15]. 
Briefly, 15 g of noodles were immersed in 500 mL of boiling water and they were 
tested throughout the boiling process by removing samples at intervals and 
squeezing them between two glass plates every 10 seconds until they were totally 
cooked or had no white or opaque wen. The tests were run in triplicate analyses. 
 
Cooking yield  
The cooking yield was calculated using the method of Chin et al. [16], where 10 g 
of noodles that had been immersed in 200 mL boiling water for 5 min, drained and 
rested for 15 min were weighed. Using equation (1), the cooking yield was 
estimated as a percentage of cooked noodles. The tests were run in triplicate.  
 
Cooking	yield	(%) 	= !"#$%&	()	*((+,"	-)&".	/((0#*$	×	233

!"#$%&	()	*((+,"	4")(."	/((0#*$
           (1) 

 
Cooking loss 
The method for measuring cooking loss, provided by AACC [15], was used and 
involved weighing 10 g of noodles, adding 200 mL of water in a measured beaker, 
boiling for 5 min and allowing to cool for 15 min. The noodles, together with the 
beaker containing the water, were placed in an air oven at 105°C (until the water 
had evaporated), after which they were weighed and the cooking loss was 
determined using equation (2) using triplicate analyses. 
 
Cooking	loss	(%) 	= 5"6#+7"	#*	/((0#*$	*((+,"	×	233

!"#$%&	()	*((+,"	4")(."	/((0#*$
                   (2) 

 
Texture determination  
All the samples (uncooked and cooked noodles), were examined using TA-XT plus 
texture analyzer (England) described by Uthai et al. [14]. Before each 
measurement, with spaghetti tensile grips (A/SPR), a 5 kg load cell was used to 
calibrate the system to determine its tensile strength and elasticity. Tensile 
strength test mode was with a post-test speed of 5 mm/sec, a return to start 
distance of 100 mm, a pre-test speed of 3 mm/sec, a trigger type of 5 g, and a test 
speed of 3 mm/sec. Each sample was subjected to the analysis 5 times. 
 
pH determination  
pH was determined on raw noodle samples using the method of the Association of 
Official Analytical Chemists (AOAC) [17]. Each sample was ground thoroughly, and 
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10 g was mixed with 100 mL of distilled water, stirred well for 30 sec, and left for 2 
min. The top clear liquid of each sample was centrifuged at 1500 rpm at 25°C for 
30 min, and a sample of the clear liquid was placed in a pH meter (SI Analytics Lab 
855 pH Benchtop Meter, Germany) and the pH level recorded. Analyses were 
performed in triplicate. 
 
Water activity determination 
Water activity (Aw) of the raw noodles was determined using a Novasina water 
activity meter (Novasina, Switzerland) following the protocol and was calibrated 
with SALT-90 salts [18]. Analyses were performed in triplicate. 
 
Chemical composition determination  
Moisture content, protein, fat and ash of each sample of purple sweet potato flour 
(PSPF), noodle was determined using the method of the Association of Official 
Analytical Chemists (AOAC) [17]. The method of Darryl et al. [19] was utilized to 
determine carbohydrate. Triplicate analyses were carried out.  
 
Anthocyanin, total phenolic content and antioxidant activity determination 
Extraction method 
2 g of each sample of the cooked noodles (containing 0, 5, 10, 15 or 20% PSPF 
with the balance being refined wheat flour) were extracted with 50 mL of methanol 
(95.5%) and cautiously mixed for 3 min, centrifuged at 4500 rpm for 10 min and 
stored at -20oC until used in the following analysis indicated below. 
 

• Total Anthocyanin content 
Anthocyanin content of each sample of noodle was determined using the method 
of Lee et al. [20]. The samples were extracted in acidified (1% citric acid) methanol 
and then diluted in one of two buffers: potassium chloride-hydrochloric acid (KCl-
HCl) (0.025 M) at pH 1.0 or sodium acetate-HCl (0.4 M CH3CO2Na·3H2O) at pH 
4.5. With 20 mL HCl, the second solution was adjusted to 4.5 pH. An UV/Vis 
Spectrophotometer with a distilled water (as a blank) was used to measure the 
absorption of anthocyanin in 1 mL quartz cuvettes (in triplicate) at pH 1.0 and 4.5, 
both at 520 and 700 nm. The absorptions were measured within 20-50 min of 
preparation. The anthocyanin concentration in the samples was determined as 
cyanidin-3-glucoside (Cyd-3-Glu) equivalents (g/100 g) using equation 3.  
 
Anthocyanin (mg/L)   =  		𝐀	×𝐌𝐖	×	𝐃𝐅	×		𝟏𝟎³

Ɛ×		𝐥
                      (3) 

Where: 
A = A₅₂₀	– 	A₇₀₀)pH	1.0	–	(A₅₂₀	– 	A₇₀₀)pH4.5 
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MW = (molecular weight) = 449.2 g/mol for Cyd-3-Glu 
DF = dilution factor 
Ɛ = 26,900 molar extinction coefficient, in l × mol-1 cm-1, for Cyd-3-Glu 
103 = factor for conversion from g to mg 
l = path length of cuvette in cm 

 
• Total phenolic content 

Total phenolic content (TPC) of each sample was analysed using the Folin-
Ciocalteu method described by Yun et al. [21] with minor modifications. A 0.5 mL 
sample was added to 5 mL of Folin-Ciocalteu and distilled water reagent (1:10) 
then vortexed and left for 5 min at room temperature (25oC). 4 mL of 1 M sodium 
carbonate solution was used to balance the solution. An UV/Vis spectrophotometer 
(Model No. UV- 1800 Shimadzu, Japan) was used to measure the extract's 
absorbance at 765 nm after 10 min. Gallic acid was used to create the lineal 
standard curve, which was displayed at gallic acid concentrations of 0, 25, 50, 75, 
100, and 125 µg. The results were calculated and expressed as milligrams of gallic 
acid equivalent per 100 g of sample (mg GAE/100g).  
 

• Determination of antioxidant capacity using ferric reducing antioxidant 
power  

The ferric reducing antioxidant power (FRAP) was used to determine the 
antioxidant capacity of each sample using the protocol described by Wu et al. [22] 
with slight modifications. The FRAP solution was made up with an acetate buffer 
(pH 3.6), 20 mM ferric chloride solution, and 10 mM TPTZ in 40 mM HCl in a 
10:1:1 ratio at 37°C on the day of analysis. Then 0.15 mL of properly diluted 
sample was added to 2850 µL of FRAP solution in a test tube, vortexed, and 
incubated at 37°C in the dark for precisely 30 min and the absorbance of each 
sample at 593 nm was determined using an UV/Vis spectrophotometer. The 
antioxidant capacity of each sample was calculated using a Trolox standard curve 
made from 0-25 µg/mL Trolox methanolic stock solution, which was exposed in mg 
Trolox equivalent per 100 g sample (mg TE/100g). 
 

• Determination of antioxidant capacity using the 2,2 diphenyl- 1- 
picrylhydrazyl (DPPH) assay 

The antioxidant capacity was determined using the DPPH assay described by Wu 
et al. [22] with slight modifications. Firstly, 0.003 g of DPPH was dissolved in 50 mL 
ethanol to make the DPPH working solution, which was diluted by 1.5 mL 
(equivalent to the antioxidant standard), reacted with 1.5 mL DPPH, vortexed, and 
incubated in the dark for 30 min. An UV/Vis spectrophotometer was used to test 
the sample's absorbance at 517 nm. The antioxidant activity was calculated using 



 
 

 https://doi.org/10.18697/ajfand.114.22555 21483 

a Trolox standard curve made from a 0-25 µg/mL Trolox methanolic stock solution. 
Results were expressed as mg Trolox equivalent per 100g sample (mg TE/100g).  
 

• Determination of antioxidant capacity using 2,2'-azino-bis (3-
ethylbenzothiazoline-6-sul phonic acid) (ABTS)  

The antioxidant capacity of samples was determined using the ABTS assay 
described by Wu et al. [22] with slight modifications. A freshly prepared stock 
solution was made by reacting 7.4 mM ABTS with 2.6 mM potassium persulfate, 
then mixing the stock solution with potassium persulfate (1:1) and incubating it for 
12 h in the dark at room temperature (25oC). The mixture was diluted with 95.5% 
methanol to obtain an absorbance of 1.1±0.02 at 734 nm. The extract (0.15 mL) 
from 95.5% methanol was combined with the ABTS working solution (2.85 mL) in a 
test tube, vortexed, and stored in a dark room for 2 h before being analyzed at 734 
nm using a UV/Vis spectrophotometer. Trolox was employed, and the antioxidant 
activity of the sample was calculated using 0-25 µg/mL Trolox methanolic stock 
solution, which was exposed in mg Trolox equivalent per 100 g sample (mg 
TE/100g). 
 
Sensory evaluation 
One hundred untrained panels were selected from universities and companies (50 
females and 50 males, within the age range of 22 to 60 years) who were all 
accustomed with eating noodles, 2-3 times each week. Each panel member was 
given five samples to assess at the same time. Each sample weighed 15g, one 
each made from refined wheat flour blended with 0, 5, 10, 15 or 20% PSPF. All the 
samples had been cooked for 10 min in water and randomly labeled with a 3-digit 
code. The panelists carried out the evaluation in a well-lit room. Panelists were 
also given unsalted bread, a spit cup, napkins, and room-temperature drinking 
water for palate cleansing in between testing each sample. The panelists were 
asked to rate the cooked noodle on a 9-point hedonic scale (9 = extremely like, 8 = 
very much like, 7 = moderately like, 6 = slightly like, 5 = neither like nor dislike, 4 = 
slightly dislike, 3 = moderately dislike, 2 = very much dislike, 1 = extremely dislike) 
in terms of appearance, color, odor, elasticity, softness, smoothness, taste, and 
overall acceptability.  
 
Microbial analysis 
The uncooked noodle sample with the highest sensory acceptability scores was 
packed separately in sterile polyethylene bags, sealed, and stored in refrigerator 
(at 4±2°C) for 0, 3, 6, 9 or 12 days before being tested for microbiological 
contamination. Aerobic plate count, yeast, mold, Staphylococus aureus, Bacillus 
cereus and Samonella spp. were estimated in and presented in colony-forming 
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units (CFU)/g, and Escherichia coli level was calculated in most probable number 
(MPN)/g. The methods used for all the samples examined were in accordance with 
the United States Food and Drug Administration, Bacteriological Analytical Manual 
FDA-BAM [23, 24, 25, 26, 27]. Each analysis was carried out in triplicate. 
 
Statistical analysis 
The experimental design was a completely randomized design (CRD) and a 
randomized completely block design (RCBD). The samples were analyzed in 
triplicates. For mean comparison, analysis of variance (ANOVA) and statistical 
methodology were tested using a Duncan's New Multiple Range Test at p≤0.05 in 
SPSS.  
 
RESULTS AND DISCUSSION 
 
Color characteristics of noodles 
The color characteristics of noodles (raw and cooked) showed that increasing 
levels of PSPF in the noodles resulted in significantly increasing (p<0.05) L* 
(darkness) but significantly decreasing (p<0.05) a* (redness) and b* (yellowness) 
of both the raw and the cooked noodles (Figure 1 and Table 1). However, the 
noodles with PSPF became greener and darker although flour from which the 
PSPF was made was purple. This effect is confirmed by the report of Xiu-li et al. 
[28], who showed that purple sweet potatoes flour contained anthocyanins, which 
are compounds with a range colors from orange to purple and that the anthocyanin 
stabilization was changed in alkaline conditions, since the pH of the noodles was 7 
and higher. This is confirmed by the findings of Khoo et al. [29] who showed that 
the color of the anthocyanin from the raw purple sweet potatoes remained purple 
at neutral pH. If the pH was higher (alkaline) the color of anthocyanin became blue 
to dark blue. These observations conform to the pH of the raw and cooked noodles 
with pH increasing to 9.0 or higher (Table 3), resulting in the color of anthocyanin 
turning blue. Moreover, some pasteurized egg was also added to the noodle flour, 
making it more yellow, thus making the appearance of green and also making it 
darker for both the raw and cooked noodles.  
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Figure 1: The appearance of dough (A1-A5), raw noodles (B1-B5) and cooked 

noodles (C1-C5) using purple sweet potato flour substituted at 0% 
(1), 5% (2), 10% (3), 15% (4) or 20% (5) with refined wheat flour 

 
Cooking quality of noodles 
The cooking quality of noodles was determined by water absorption or cooking 
yield, the cooking time and the loss of solids into the cooking water (Table 2). A 
high cooking yield, a short cooking time and low loss of solids were considered 
favorable attributes as previously reported [30]. The cooking time for control noodle 
was significantly higher (p<0.05) than the PSPF noodles, with times ranging from 
80 to 120 sec. This effect was due to the decreasing gluten network resulting in 
faster moisture penetration and therefore leading to decreased optimum cooking 
time, as previously reported [31]. Also, the cooking loss of noodles containing 
PSPF were 4.80 to 7.53%, which was higher than the noodles made with no PSPF 
which was 4.40% (Table 2). Moreover, with increasing PSPF levels, the cooking 
yield decreased from 200.03 to 183.67%, which were lower than control noodles 
(205.3%). These results were closed to the findings of Sun et al. [13] who showed 
that the cooking loss of wheat flour noodles was significantly lower than the 
noodles prepared with wheat flour supplemented with Chinese yam powder. Also, 
Aukkanit and Sirichokworrakit [32] who used dried pumpkin powder for partial 
substitution of wheat flour in noodles, found that cooking loss increased with 
increasing dried pumpkin powder. Izydorczyk et al. [33] reported that when wheat 
flour was partially substituted with barley flour, the quality of the protein-starch 
matrix was reducing but the cooking loss in noodles increased. In addition, 
Phongramun et al. [34] studied wheat flour noodles substituted with Amaranth 
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(Amaranthus lividus) leaf powder. They found that cooking time and cooking yield 
were decreased while cooking loss was increased with added Amaranth leaf 
powder. It seems probable that the changes in cooking loss of the PSPF noodles 
could be due to the disturbance of the protein starch matrix through diluted gluten 
granules. It may, therefore, be concluded that increasing the amount of PSPF 
changed the cooking quality and other attributes because their gluten fraction was 
diluted, resulting in decreased water retention in noodles. Hence, increasing the 
PSPF levels affected the practical properties of noodles as well as their cooking 
ability. 
 
Texture characteristics of noodles 
Texture determination of raw and cooked noodles showed that when the PSPF 
level increased, the elasticity and tensile strength of both raw and cooked noodles 
were significantly decreased (p<0.05) (Table 3). The noodles that contained PSPF 
showed significantly (p<0.05) increased hardness and decreased elasticity 
compared to noodles made from 100% refined wheat flour, which may have 
reduced consumer acceptability, which confirms the findings of Ginting and 
Yulifianti [35]. Boonpichai and Sirivongpaisal [36] also showed that increasing the 
level of substitution of wheat flour in noodles with sweet potato flour increased their 
hardness.  Khoo et al. [29] suggested that the reason for this effect was an inability 
to establish networks during dough formation, which damaged noodles, making 
them less soft and prone to breaking. By adding PSPF to noodles, the gluten level 
was diluted, agitation occurred and the noodle structure was intruded, resulting in 
the noodle being more easily torn. 
 
Water activity and pH of uncooked noodles  
The amount of free water in food, can be measured by its water activity and food 
with a high water activity may be more susceptible to spoiling. Water activity of the 
noodles (PSPF and control) in this experiment showed no significant differences 
(p<0.05) with levels of 0.94-0.95 (Table 3), which conforms to the findings of Li et 
al. [18] who reported Aw of 0.97 for wet yellow noodles and Murdinah and Wahyuni 
[37] who also reported Aw of 0.97 for wheat noodles incorporated with Caulerpa 
sp. seaweed. High levels of Aw in food can increase microbial development and 
was also linked to many enzymatic and chemical reactions as well as affecting its 
physical nature [38]. The range of pH levels in the noodle (9.32-9.48) showed 
significant difference (p<0.05), they could be classified as a normal noodle, since 
noodles generally has pH levels between 9 and 11. The flavonoids in wheat flour, 
which showed yellow color in an alkaline environment and increased with 
increasing pH values, therefore the pH a directly associated with the color of the 
noodles [39]. 
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Chemical compositions of purple sweet potato flour and uncooked noodles 
The levels of moisture, carbohydrate, protein, fat and ash of purple sweet potato 
flour (4.39, 83.59, 0.59 and 2.35 g/100g, respectively) (Table 4) were similar to 
those reported by Hossain [40]. When PSPF was compared with refined wheat 
flour [41], the PSPF had considerably higher levels of carbohydrate and ash and 
lower in protein and fat. The lightness (L*), redness (a*) and yellowness (b*) of 
PSPF were close to those reported by Tang et al. [42]; however, comparison of 
PSPF and refined wheat flour, found that PSPF was darker (L*), redder (+a*) and 
bluer (-b*) than refine wheat flour. 
 
Moisture content, protein and fat were slightly decreased when PSPF was added, 
while ash and total carbohydrate were slightly increased (Table 5). These results 
show that an advantage of the noodles with PSPF was increasing total 
carbohydrate and decreasing fat. This effect could indicate that consumption of 
these noodles could contribute to the reduced risk of disease such as heart attack, 
stroke and cancer [43].  
 
Total anthocyanin content, total phenolic content and antioxidant activity 
Uncooked noodles with PSPF substituted at 0 (control) and 20% had total 
anthocyanin content (TAC) which were 0 and 9.84 cyanidin-3-glucoside (Cyd-3-
Glu) equivalents (g/100g) respectively, total phenolic content (TPC) values were 
30.93 and 151.28 mg GAE/100g respectively, antioxidant activities by ferric 
reducing antioxidant power (FRAP) assays were 25.59 and 254.32 mg TE/100g 
respectively, 2,2 diphenyl-1-picrylhydrazyl assay (DPPH) assays had 10.95 and 
158.70 mg TE/100g, respectively and 2,2'-azino-bis (3-ethylbenzothiazoline-6-
sulphonic acid) (ABTS) assays had 17.69 and 156.98 mg TE/100g respectively,  
(Figure 2, 3 and 4). TAC, TPC and antioxidant activities in all assays increased as 
PSPF increased, with 20% of PSPF giving the highest anthocyanin, TPC and 
antioxidant activities while 0% PSPF was the lowest. Khumkhom [44] as well as 
Zhu and Sun [45] studied steamed bread with added with PSPF, and also 
observed that addition of PSPF increased the antioxidant activities, total 
polyphenol and anthocyanin contents. Aziz et al. [46] fortified biscuit with PSPF 
and observed that they had a higher antioxidant capacity compared to control as 
well as significantly higher levels of phenolic and anthocyanin.  
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Figure 2: Total anthocyanin content of uncooked noodles made from refined 

wheat flour substituted with 0, 5, 10, 15 or 20% purple sweet potato 
flour 

 

 
Figure 3: Total phenolic content of uncooked noodles made from refined 

wheat flour substituted with 0, 5, 10, 15 or 20% purple sweet potato 
flour 
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Figure 4: Antioxidant activity of uncooked noodles made from refined wheat 

flour substituted with 0, 5, 10, 15 or 20% purple sweet potato flour 
 
Sensory analysis  
The sensory characteristics of the cooked noodles showed that all attributes were 
slightly decreased when PSPF added to the refined wheat flour (Table 6). The 
addition of   PSPF at all the levels tested significantly (p<0.05) decreased elasticity, 
softness and smoothness, but the appearance, color, taste and overall 
acceptability were not significantly different (p<0.05) from the control in the 
noodles. The odor could be significantly (p<0.05) increasing their acceptance to 
consumers, it may because sweet potatoes contain volatile compounds (floral 
odor, floral sweet odor, sweet odor and potato odor) [47].  
 
Effect of storage time on microorganism of uncooked noodles 
It is crucial for consumer health that levels of Microbial infection are minimized in 
food [48]. As expected, the levels of total plate count, yeast and mold increased 
during refrigerator (4±2oC) storage in all treatments, but Escherichia coli, 
Staphylococcus aureus, Bacillus cereus, and Samonella spp. remained 
undetectable throughout the storage period (Table 7). According to the Department 
of Medical Science, Ministry of Public Health, Thailand, Guide Lines for Fresh 
Noodles (No.3/2017) [49], total plate count should be less than 5×105 CFU/g, yeast 
and mold should be less than 500 CFU/g, Escherichia coli should be less than 10 
MPN/g, Staphylococcus aureus, Bacillus cereus should be less than 100 and 
1,000 CFU/g, respectively, and Samonella spp. should be undetected in 25 g. 
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From this study, even after 9 days of storage, these noodles complied with Thai 
standards for microbiological contamination [49].  
 
CONCLUSION 
 
It was concluded that although partially substituting refined wheat flour with purple 
sweet potato flour, resulted in measurable changes in their color, lightness, 
cooking times, cooking yields, cooking loss, texture and water activity, they 
remained acceptable to the sensory evaluation panel. These changes were also 
compensated by increases in levels of carbohydrate, ash, anthocyanin, phenolic 
compounds and antioxidant capacity. Also, no detrimental microbial contamination 
could be detected in the noodles after storage. It is recommended that substituting 
wheat flour with up to 20% purple sweet potato flour would have beneficial effects 
for consumers. 
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Table 1: Color characteristics of uncooked and cooked noodles made from refined wheat flour substituted with 0, 5, 10, 15 
or 20% purple sweet potato flour 

PSPF substitute 
wheat flour (%) 

Uncooked noodles  Cooked noodles  
L*   a* b*  L*  a*   b*  

0 68.45±0.71a 2.05±0.16a 24.32±0.97a 65.81±0.99a 0.65±0.20a 18.56±0.59a 
5 46.96±0.83b -1.97±0.11b 11.69±0.16b 42.32±1.01b -2.52±0.38b 9.79±0.48b 

10 44.87±0.70c -4.31±0.31c 10.78±0.74b 37.98±0.85c -3.59±0.27c 8.19±0.61c 

15 38.33±0.93d -7.32±0.57d 9.08±0.82c 35.17±0.54d -5.46±0.15d 6.08±0.78d 
20 35.78±0.80e -9.21±0.54e 8.16±0.68c 31.22±0.88e -7.29±0.16e 5.02±0.75e 

a-e Mean ± SD The different letters in each column indicate significant difference (p<0.05)  
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Table 2: Cooking time, cooking loss and cooking yield of noodles made from refined wheat flour substituted with 0, 5, 10, 
15 or 20% purple sweet potato flour 

PSPF substitute 
   wheat flour (%) 

Cooking quality 
Cooking time (sec) Cooking loss (%) Cooking yield (%) 

0 120 4.40±0.92a 205.03±4.97a 
5 110 4.80±0.60a 200.23±4.40a 

10 100 5.20±0.53b 196.60±5.31bc 

15 90 6.53±0.46b 190.17±5.60bc 
20 80 7.53±0.42b 183.67±5.75c 

a-c Mean ± SD The different letters in each column indicate significant difference (p<0.05)  
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Table 3: Water activity, pH and texture characteristics of noodles made from refined wheat flour substituted with 0, 5, 10, 15 
or 20% purple sweet potato flour 

PSPF 
substitute 

wheat flour (%) 

Uncooked noodles            Uncooked noodles Uncooked noodles Cooked noodles 
       Water activity* ns                           pH Tensile strength (g) Tensile strength (g) 

0 0.94±0.01 9.32±0.07b 28.80±1.96a 20.80±2.55a 
5 0.94±0.00 9.30±0.02b 26.22±1.56b 19.40±2.65ab 

10 0.94±0.01 9.28±0.01b 24.86±1.47b 18.03±1.16bc 

15 0.95±0.00 9.46±0.02a 22.01±1.02c 17.21±1.22bc 
20 0.95±0.02 9.48±0.01a 20.82±1.14c 16.52±0.99c   

a-c Mean ± SD The different letters in each column indicate significant difference (p<0.05)  
ns The different letters in each column indicate non-significant difference (p>0.05)  
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Table 4: Chemical compositions and color characteristics of purple sweet potato flour (PSPF) and refined wheat flour (FWF) 

Sample  Moisture content 
(%) 

Carbohydrate 
(g/100g) 

Protein 
(g/100g) 

Fat 
(g/100g) 

Ash 
(g/100g) 

L* a* b* 

PSPF 1 9.08 83.59 4.39 0.59 2.53 51.87 24.44 -7.72 
PSPF 2 6.45 85.80 2.17 0.55 1.85 49.25 23.83 -9.56 
RWF 3 11.10 74.60 12.00 1.70 0.56 86.15   0.56  6.85 

PSPF 1 = purple sweet potato flour (This study), PSPF 2 = purple sweet potato flour [40, 42], RWF 3 = refined wheat flour [41]  
       

  



 
 

 https://doi.org/10.18697/ajfand.114.22555 21495 

Table 5: Chemical compositions of uncooked noodles made from refined wheat flour substituted with 0, 5, 10, 15 or 20% 
purple sweet potato flour 

PSP substitute 
   wheat flour  

(%) 

Uncooked noodles substituted with PSPF  
Moisture content 

(%) 
Ash 

(g/100g) 
Protein 
(g/100g) 

Fat 
(g/100g) 

Total carbohydrate 
(g/100g) 

0 39.57 2.02 8.89 2.05  46.99 
5 38.78 2.09 8.56 1.99 47.44 

10 37.01 2.12 7.89 1.95 47.96 

15 36.35 2.15 7.37 1.87 48.40 
20 36.17 2.20            6.69 1.81 49.01 
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Table 6: Sensory acceptability of cooked noodles made from refined wheat flour substituted with 0, 5, 10, 15 or 20% purple 
sweet potato flour 

PSPF 
substitute 
wheat 
flour (%) 

Appearance* ns Color* ns Odor Elasticity Softness Smoothness Taste* ns Overall* ns 
acceptability 

0 8.12±0.99 7.76±0.81 7.54±0.73b 8.18±0.81a 8.58±0.75a 8.16±1.04a 7.70±0.78 8.52±0.73 

5 8.16±1.08 7.86±0.89 7.74±1.25ab 8.00±0.85ab 8.22±0.90b 7.88±0.65ab 7.74±1.02 8.46±0.78 
10 8.08±0.74 7.96±0.92 7.76±0.97ab 7.92±0.87ab 8.20±0.92b 7.86±0.89ab 7.78±0.61 8.34±0.76 

15 7.92±0.52 8.00±0.60 7.88±0.82ab 7.80±0.60bc 7.94±0.70bc 7.84±0.93ab 7.90±0.83 8.42±0.67 
20 8.04±0.80 8.04±1.00 8.08±1.02a 7.64±1.05c 7.82±0.99c 7.74±0.77b 7.98±0.81 8.40±0.87 

a-c Mean ± SD The different letters in each column indicate significant difference (p<0.05)   
nsThe different letters in each column indicate non-significant difference (p>0.05)  
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Table 7: Microbial count of uncooked noodles made from refined wheat flour substituted with 20% purple sweet potato 
flour during storage at 4±2oC for 0, 3, 6, 9 or 12 days 

Storage 
time (days) 

Total plate 
count 

(CFU/g) 

Yeast and 
mold 

(CFU/g)  

Escherichia  
coli 

(MPN/g) 

Staphylococcus 
aureus 
(CFU/g) 

Bacillus 
cereus 
(CFU/g) 

Salmonella 
spp. 

(in 25 g) 
0 3.4 ×102 ND ND ND ND ND 
3 4.1×102 ND ND ND ND ND 
6 5.7×103 3.2 ×102 ND  ND ND ND 

9 5.5×104 4.1×102 ND ND ND ND 
12 6.4×105 5.3×103 ND ND ND ND 

ND = not detected 



 
 

 https://doi.org/10.18697/ajfand.114.22555 21498 

REFERENCES 

1.  Shekhar S, Mishra D, Buragohain AK, Chakraborty S and N 
Chakraborty Comparative analysis of phytochemicals and nutrient 
availability in two contrasting cultivars of sweet potato (Ipomoea batatas L.) 
Food Chem. 2015; 173: 957–965.  

2.  FAOSTAT. Production of sweet potato in 2019. Available at: 
https://scienceagri.com/10-worlds-biggest-sweet-potatoes-producing-
countries/ Accessed 27 September 2021. 

3.  Lee WS, Chen IC, Chang CH and SS Yang Bioethanol production from 
sweet potato by co-immobilization of saccharolytic molds and 
Saccharomyces cerevisiae. Renew Energy. 2012; 39(1): 216-222. 

4.  Jang HH, Kim HW, Kim SY, Kim SM, Kim JB and YM Lee In vitro and in 
vivo hypoglycemic effects of cyanidin 3-caffeoyl-p-hydroxy benzoyl 
sophoroside-5-glucoside, an anthocyanin isolated from purple-fleshed sweet 
potato. Food Chem. 2019; 272: 688-693. 

5.  FoodData Central. Sweet potato, raw, unprepared. US Department of 
Agriculture, Agricultural Research Service. 2018. Available at: https:// 
fdc.nal.usda.gov/fdc-app.html#/food-details/168482/nutrients Accessed 19 
August 2020. 

6.  Dangpium N Research and development in cultivability of sweet potato. 
Reported by Research and development Centre for agriculture of Phichit 
province. Department of Agriculture. 2015; 235. 

7.  Pornchaloempong P and N Rattanapanon Anthocyanin. Available at:  
http://www. Food networksolution.com/wiki/word/1103/anthocyanin Accessed 
13 July 2020. 

8.  Lazze MC, Savio M, Pizzala R, Cazzalini O, Perucca P, Scovassi AI, 
Stivala LA and L Bianchi Anthocyanins induce cell cycle perturbations and 
apoptosis in different human celllines. J. Carcinog. 2004; 25(8): 1427-1433. 

9.  Naivikul O Wheat: Science and Technology. Faculty of Agro-Industry, 
Kasetsart University press. Bangkok, Thailand, 1997; 371. 

10.  Choo LC and AAN Aziz Effects of banana flour and B-glucan on the 
nutritional and sensory evaluation of noodles. Food Chem. 2010; 119(1): 34-
40.  



 
 

 https://doi.org/10.18697/ajfand.114.22555 21499 

11.  Uthai N and L Chetyakamin Effect of partial substitution of wheat flour with 
Tamarind seed flour on physical, chemical, antioxidant and sensory 
properties of noodles. Afr. J. Food Agric. Nutr. 2020; 20(4): 16063-16084. 

12.  Gaikwad KK, Pawar VS, Pawar GS and AB Shingote Effect of addition of 
quinoa flour on cooking and sensorial qualities of noodles. Biol. Forum. 
2021; 13(2): 660-665. 

13.  Sun KN, Liao AM, Zhang F, Thakur K, Zhang JG, Huang JF and ZJ Wei 
Microstructural, textural, sensory properties and quality of wheat-yam 
composite flour noodles. Foods. 2019; 8(10): 519-532.  

14.  Uthai N, Chetyakamin L and J Kijtawee Effects of type of wheat flour on 
the quality and acceptability of noodles. In: Proceedings of the National 
conference of Northern Institute of Vocational Education in Agriculture (in 
Thai), Bangkok, Thailand, 2019; 281-286. 

15.  AACC. American Association of Cereal Chemists, St. Paul, MN, USA. 2000. 

16.  Chin CK, Huda N and TA Yang Incorporation of surimi powder in wet yellow 
noodles and its effects on the physicochemical and sensory properties. Int. 
Food Res. J. 2012; 19(2): 701-707. 

17.  Official Methods of Analysis (OMA). Association of Official Analytical 
Chemist (AOAC) Inc. 19th Ed. Washington, DC, USA. Official method 
984.27. 2012.  

18.  Li M, Zhu K, Guo X and W Peng Effect of water activity (Aw) and irradiation 
on the shelf-life of fresh noodles. Innov Food Sci Emerg Technol. 2011; 
12(4): 526-530.  

19.  Darryl MS and EC Donald Method of analysis for nutrition labeling. 
Arlington (Va.): Association Official Analytical Chemists. 1993; 106. 

20.  Lee J, Durst RW and RE Wrolstad Determination of total monomeric 
anthocyanin pigment content of fruit juices, beverage, natural colorants, and 
wine by the pH differential method: collaborative study. J. AOAC Int. 2005; 
88(5): 1269-1278. 



 
 

 https://doi.org/10.18697/ajfand.114.22555 21500 

21.  Yun P, Thamakorn P, Nokkoul R, Suwapanich R and K Huangrak 
Antioxidant activity and bioactive compounds of freeze-dried product from 
Thai upland rice grass juice. In: Proceedings of the 17th Food Innovation 
Asia Conference, Innovative ASEAN Food Research towards the World, 
Bangkok, Thailand. 2015; 35-41. 

22.  Wu HC, Chen HM and CY Shiau Free amino acids and peptides as related 
to antioxidant properties in protein hydrolysates of mackerel (Scomber 
austriasicus). Food Res. Int. 2003; 36(9-10): 949-957. 

23.  Maturin L and JT Peeler US Food and Drug Administration (FDA) 
Bacteriological Analytical Manual (BAM). Chapter 3: Aerobic Plate Count. 
https://www.fda.gov/food/ laboratory-methods-food/bacteriological-analytical-
manual-bam Accessed 1 March 2020. 

24.  Tournas V, Stack ME, Mislivec PB, Koch HA and R Bandler US Food and 
Drug Administration (FDA) Bacteriological Analytical Manual (BAM). Chapter 
18: Yeasts, Molds and Mycotoxins. https://www.fda.gov/food/laboratory-
methods-food/bacteriologi cal-analytical-manual-bam Accessed 1 March 
2020. 

25.  Feng P, Wegant SD, Grant MA and W Burkhart US Food and Drug 
Administration (FDA) Bacteriological Analytical Manual (BAM). Chapter 4: 
Enumeration of Escherichia coli and the Coliform Bacteria. 
https://www.fda.gov/food/laboratory-methods-food/ bacteriological-analytical-
manual-bam Accessed 1 March 2020. 

26.  Tallent SM, Knolhoff A, Rhodehamel J, Harmon SM and RW Bennett US 
Food and Drug Administration (FDA) Bacteriological Analytical Manual 
(BAM). Chapter 14: Bacillus cereus. https://www.fda.gov/food/laboratory-
methods-food/bacteriological-analy tical-manual-bam Accessed 1 March 
2020. 

27.  Andrews WH, Wang H, Jacobson A, Ge B, Zhang G and T Hammack US 
Food and Drug Administration (FDA) Bacteriological Analytical Manual 
(BAM). Chapter 5: Salmonella. https://www.fda.gov/food/laboratory-methods-
food/bacteriological-analy tical-manual-bam Accessed 1 March 2020. 

28.  Xiu-li HE , Xue-li LI, Yuan-ping LV and HE Qiang Composition and color 
stability of anthocyanin-based extract from purple sweet potato. Food Sci. 
Technol. 2015; 35(3): 468-473. 



 
 

 https://doi.org/10.18697/ajfand.114.22555 21501 

29.  Khoo HE, Azlan A, Tang ST and SM Lim Anthocyanidins and 
anthocyanins: colored pigments as food, pharmaceutical ingredients, and the 
potential health benefits. Food Nutr Res. 2017; 61(1): 1361779. 

30.  Chung HJ, Cho A and ST Lim Effect of heat-moisture treatment for 
utilization of germinated brown rice in wheat noodle. LWT- Food Sci and 
Technol. 2012; 47(2): 342-347. 

31.  Yadev BS, Yadav RB, Kuamri M and BS Khatkar Studies on suitability of 
wheat flour blends with sweet potato, colocasia and water chestnut flours for 
noodle making. LWT- Food Sci and Technol. 2014; 57(2): 352-358. 

32.  Aukkanit N and S Sirichokworrakit Effect of dried pumpkin powder on 
physical, chemical, and sensory properties of noodle. Int. j. adv. eng. 
technol. 2017; 5(1): 14-18. 

33.  Izydorczyk MS, Lagasse´ SL, Hatcher DW, Dexter JE and BG Rossnagel 
The enrichment of Asian noodles with fiber-rich fractions derived from roller 
milling of hull-less barley. J. Sci. Food. Agr. 2005; 85(12): 2094-2104. 

34.  Phongramun N, Ponpai S and K Limroongreungrat Effect of Amaranth 
(Amaranthus lividus Linn.) leaves powder addition on dried alkaline noodle 
quality. Agricultural Sci. J. 2011; 42(2) (Suppl.): 477-480. 

35.  Ginting E and R Yulifianti Characteristics of noodle prepared from orange-
fleshed sweet potato, and domestic wheat flour. Procedia Food Sci. 2015; 3: 
289-302. 

36.  Boonpichai A and P Sirivongpaisal Rheological Properties of Purple 
Sweet Potato Flour and Its Application to Noodle Product. In: Proceedings of 
the16th ASEAN Food Conference, Outlook and Opportunities of Food 
Technology and Culinary for Tourism Industry, Bali, Indonesia, 2019; 330-
334.  

37.  Murdinah A and T Wahyuni The nutritional quality and preference of wheat 
noodles incorporated with Caulerpa sp. seaweed. Int. Food Res. J. 2020; 
27(3): 445-453.  

38. Maltini E, Torreggiani D, Venir E and G Bertolo Water activity and the 
preservation of plant foods. Food Chem. 2003; 82(1): 79-86. 

39.  Hou G Oriental noodles. Adv. Food Nutr. 2001; 43: 141-193.  



 
 

 https://doi.org/10.18697/ajfand.114.22555 21502 

40.  Hossain MB Study on the physicochemical composition and antioxidant 
properties of selected colored sweet potato variety (Ipomoea batatas L) in 
Bangladesh. J Exp Food Chem. 2019; 5(1): 138-142. 

41.  FoodData Central. Flour, wheat, all-purpose, unenriched, unbleached. US 
Department of Agriculture, Agricultural Research Service. 2020. 
https://fdc.nal.usda.gov/fdc-app.html#/food-details/790018/nutrients 
Accessed 2 January 2022. 

42.  Tang T, Cai W and B Xu Profiles of phenolics, carotenoids and antioxidative 
capacities of thermal processed white, yellow, orange and purple sweet 
potatoes grown in Guilin, China. Food Sci. Hum. Wellness. 2014; 4: 123-
132. 

43.  School of Public Health. Preventing heart disease. 
https://www.hsph.harvard.edu/ nutritionsource/disease-
prevention/cardiovascular-disease/preventing-cvd/ Accessed 31 March 2022.  

44.  Khumkhom S Effect of partial replacement of wheat flour with purple sweet 
potato flour on physicochemical properties and antioxidant activities of 
steamed bun (Mantou). Bu Sci J. 2020; 25(2): 664-679. 

45.  Zhu F and J Sun Physicochemical and sensory properties of steamed bread 
fortified with purple sweet potato flour. Food Biosci. 2019; 30(4): 1004-1011.  

46.  Aziz AA, Padzil AM and II Muhamad Effect of incorporating purple-fleshed 
sweet potato in biscuit on antioxidant content, antioxidant capacity and 
colour characteristics. Malaysian J. Anal. Sci. 2018; 22(4): 667-675.  

47.  Wang Y and SJ Kays Contribution of volatile compounds to the 
characteristic aroma of baked ‘jewel’ sweet potatoes. J. Amer. Soc. Hort. Sci. 
2000; 125(5): 638-643.  

48.  Pornchaloem P and N Rattanapanon Food quality.  
https://www.foodnetworksolution. com/wiki/word/3022/ Accessed 31 March 
2022. 

49.  Department of Medical Science. Criterion of microbiological quality 
standardization of foods and tableware (In Thai). 2017. 
http://bqsf.dmsc.moph.go.th/bqsfWeb/wp-content/uploads /2017/Publish/e-
book/micro-ISBN60.pdf Accessed 29 April 2021. 


