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INTRODUCTION 

Yoghurt is one of the most popular and widely 
consumed fermented dairy products having 
several nutritional and health benefits. Two 
main types of bacteria are involved in the 
fermentation of yoghurt, namely Streptococcus 
thermophilus and Lactobacillus delbrueckii 
sub spp. bulgaricus (Tamime and Robinson, 
2000). When lactose in milk is used by these 
microorganisms as the fermentation substrate, 
lactic acid and a series of other compounds are 
formed contributing to its flavour. Due to the 
reduction in pH, calcium and phosphorus 
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Abstract 

Gelatin extracted from animal tissues is widely used to stabilize set yoghurt. However, there is an increased 
consumer preference for plant-based stabilizers, such as starch, over animal-based gelatin in yoghurt products. 
The properties of starch depend on the extraction method and affect the quality of the final product. Therefore, 
this study investigated the quality of cow milk set yoghurt stabilized with sweet potato (Ipomoea batatas L.) starch 
(SPS) extracted using three different methods. Sweet potato tubers (3 kg) were washed, peeled and divided equally 
into 3 lots. Starch was extracted by blending each lot separately with distilled water (1:1) (SPS1), 1M NaCl (1:1) 
followed by centrifugation at 2200 rpm/15 min (SPS2), and distilled water (1:1) followed by centrifugation at 2200 
rpm/15 min (SPS3). Experimental yoghurts (3% fat, 7% sugar) were prepared using gelatin (Control), SPS1 (T1), 
SPS2 (T2) and SPS3 (T3) as the stabilizer at the rate of 0.5% (w/w) and arranged according to completely 
randomized design with 3 replicates. The physicochemical and functional properties of SPS and yoghurt and the 
sensory attributes of yoghurt were investigated using standard methods. Data were analyzed with SPSS software 
(ver. 25) employing the analysis of variance (ANOVA) procedure followed by Tukey’s test for mean separation, 
while sensory data using the Friedman non-parametric test. SPS1 had the highest water absorption capacity of 
0.780±0.002 mg/g and was significantly (p<0.05) different from SPS2 and SPS3, while pH was significantly 
(p<0.05) higher in SPS2. Moisture content in SPS produced with different methods was in the agreeable range 
(12.73±0.05 to 16.74±0.03%) and significantly (p<0.05) different with the starch extraction method. Swelling 
power and solubility of SPS were increased with the increase of temperature from 50°C to 80°C. Compared to the 
control, yoghurt manufactured using SPS showed significantly lower (p<0.05) water holding capacity except in 
T2, while spontaneous whey syneresis was not detected in any of the treatments. The colour of the yoghurts was 
not affected by the stabilizers used except the b* value. Sensory evaluation revealed no differences between the 
treatments, indicating the possibility of using SPS extracted using the methods mentioned as a stabilizer in the 
production of set yoghurt, which is comparable to gelatin. 
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present in milk are converted into soluble 
forms that are better utilized. Apart from that, 
majority of milk proteins free of calcium are 
better digested by the proteolytic enzymes 
(Fisberg and Machado, 2015). Therefore, 
yoghurt is a highly digestible dairy product 
with various bioavailable nutrients. It is not 
only a good source of protein, calcium, 
potassium, phosphorus, iodine, vit. B2, B12 
etc. but also serves as a vehicle for 
fortification (Moore et al., 2018; Fisberg and 
Machado, 2015). Due to its healthy image, 
yoghurt has a growing consumer demand 
throughout the world. It has been reported that 
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the global yoghurt market reached a value of 
over US$ 113.5 billion in 2022 and is 
forecasted to reach about US$ 164 billion by 
2028 (Shahbandeh, 2023). Various yoghurt 
varieties exist in the market at present, such as 
natural, flavoured, fruit, nut, probiotic, 
prebiotic, symbiotic, non-fat, reduced fat, full 
fat, etc. Further, depending on the consistency 
and the physical form, different variants such 
as set, stirred, drinking, strained, frozen etc. are 
also commonly available in the market. In Sri 
Lanka, set yoghurt is the most common variant 
even though the other physical forms also have 
an emerging market at present.  
 
Maintaining optimum consistency, texture and 
stability during production, transportation, and 
storage are the major challenges faced by the 
yoghurt industry (Saleh et al., 2020). 
Especially in the case of set yoghurts, stability 
during transportation is a crucial factor to be 
considered. The major factors influencing the 
yoghurt consistency are differences in the 
processing variables, viscosity at high total 
solids content, texture and characteristics of the 
starter culture used in the production process 
(Omer, 2003). Use of an appropriate stabilizer 
in the production process of yoghurt is an 
essential need for the final product quality and 
consistency. Stabilizers can improve the 
viscosity and sensory properties, and inhibit or 
decrease whey separation during storage and 
transportation of yoghurt (Saleh et al., 2020). 
Various stabilizers, including carrageenan, 
guar gum, locust bean gum, pectin, starch, 
gelatin, etc. are added to obtain proper stability 
and the right texture for the yoghurt. Some of 
them are synthetic, while others are of plant 
and animal origin. Due to its unique 
hydrophilic character and exceptional 
biocompatibility, gelatin is widely used in the 
food industry (Milanovic et al., 2014) and has 
been considered as one of the most preferable 
stabilizers that can be used in dairy products 
(Pang et al., 2022). Gelatin is a multi-
functional stabilizer commonly used in the 
production of set yoghurt. It enhances the gel 
strength, viscosity, and water binding capacity, 
modifies the texture, increases the emulsion 
formation of milk, and stabilizes the yoghurt 
while minimizing whey syneresis. 
Additionally, it imparts fat-like sensory 

perception, especially in low-fat yoghurt 
(Pang et al., 2017; Karim and Bhat, 2009; 
Kalab et al., 1975).  
 
Gelatin is an animal protein produce from 
collagen. It is mainly produced from pig skin 
(type A) and bovine hides (type B) (Alipal et 
al., 2021). Despite the increasing demand for 
gelatin in various applications, there is a 
growing consumer concern about the use of 
gelatin in the food industry due to its animal 
origin, high cost, and growing demand for 
natural and halal products. According to 
Abdullah et al. (2018), the rising demands, 
health concerns, and religious issues have 
intensified the need for alternatives to gelatin. 
As a result, plant-origin stabilizers, especially 
the starches from potato, sweet potato, 
cassava tuber, and taro, have been introduced 
as alternatives for gelatin in various food 
applications. Starches are the major storage 
polysaccharides in foods of plant origin. 
Cereals, tubers, roots, and pulses are the most 
common botanical and commercial starch 
sources. Starch is used in the production of 
yoghurt as a thickener to reduce defects, 
improve body and texture, as well as reduce 
cracks in the surface of the curd (Altemimi, 
2018).  
 
Sweet potato (Ipomoea batatas L.) belongs to 
the Convolvulaceae family and originated in 
Central America (Huang and Sun, 2000; 
Zhang et al., 2000). It is one of the important 
and underutilized crops grown in Sri Lanka 
which has enormous potential in various food 
applications. The world's total sweet potato 
production in the year 2014 was more than 
106 million metric tons. In 2014, about three-
fourths of the global production was from 
Asia and Pacific Islands (China is the world 
leader in sweet potato production with a share 
of 67%), followed by Africa with about 21%, 
while the Americas (North, Central, and 
South) account for about 3.6% (Truong et al., 
2018). In some parts of the world, such as in 
Papua New Guinea, sweet potato is consumed 
as the staple food, and the average annual 
consumption is around 550 kg per person. 
Consumption has been greatly increased in 
the USA due to the availability of frozen 
‘french-fried’ sweet potatoes (Truong et al., 
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Methods 
Preparation of sweet potato tubers and 
extraction of starch 
Mature, good-quality sweet potato tubers (3 
kg) were washed with cold water to remove 
impurities. Then, the peels were removed, and 
the edible portion was taken. Three alternative 
procedures were used according to the method 
outlined by Surendra Babu and Parimalavalli 
(2014), with slight modifications to extract 
starches from the edible portions of sweet 
potato tubers.  
 
1) Distilled water extraction without 
centrifugation  
The edible portion of sweet potato tubers was 
sliced into small pieces and blended using a 
kitchen blender for two minutes with distilled 
water (1:1). The slurry was filtered using three 
layered cheesecloth, and the filtrate was 
allowed to settle for three hours at room 
temperature (26±1 ℃). The precipitated starch 
was washed three times using distilled water 
and dried at room temperature (26±1 ℃) for 
two days. The extracted starch (SPS1) was 
kept in an oven at 50±1 ℃ for three hours 
before being ground into a fine powder with a 
mortar and pestle (Surendra Babu and 
Parimalavalli, 2014). 
 
2) NaCl extraction with centrifugation 
The edible portion of sweet potato tubers was 
sliced into small pieces and blended with 1 M 
NaCl solution (1:1) in a kitchen blender for 
two minutes. Triple-layered cheesecloth was 
used to filter the slurry, and distilled water 
was used to wash the starch. While allowing 
the starch granules to settle, water was 
decanted. The sediments were centrifuged for 
15 minutes at 2200 x g. The starch was taken 
out, dried overnight at room temperature 
(26±1 ℃), and then ground into a fine powder 
(SPS2) using a mortar and pestle according to 
the method proposed by Surendra Babu and 
Parimalavalli (2014). 
 
3) Distilled water extraction with 
centrifugation 
The edible portion of sweet potato tubers was 
sliced into small pieces and blended with 
distilled water (1:1) in a kitchen blender for 
two minutes. A Triple-layered cheesecloth 
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2018). Apart from their use in many food 
applications, such as the production of 
vermicelli, noodles, jelly sheets, fried chips, 
alcoholic drinks, jam, cake, and steaming 
bread etc. (Zhu et al., 2011; Avula, 2005), the 
tubers have shown potential as a source of 
starch in various industrial applications. It has 
been reported that sweet potato starch (SPS) 
is used as a thickener, binder, adhesive, 
gelling agent, encapsulating agent, film 
forming, stabilizer, texturizer, and fat-replacer 
in a variety of foods (Sameen et al., 2016). 
On a dry matter basis, it contains 50-80 per 
cent starch. Sweet potato starch has an A-type 
(high swelling) pattern, with medium-sized 
granules that are smooth, round, or oval in 
shape. Different methods have been used to 
extract SPS using chemicals such as sodium 
metabisulphate and sodium chloride, as well 
as distilled water. However, it is reported that 
the properties of SPS can vary depending on 
the extraction method (Surendra Babu and 
Parimalavalli, 2014). Hence, it is important to 
study the influence of the extraction method 
on the properties of SPS, and the quality of 
cow milk set yoghurt manufactured using it. 
Therefore, a study was planned to investigate 
the possibility of utilizing SPS extracted 
using different methods as a stabilizer in the 
production of cow milk set yoghurt.  
 
MATERIALS AND METHODS  
Materials 
Good quality purple skin sweet potato tubers 
with white flesh were bought from the local 
market in Kamburupitiya, Sri Lanka. Fresh 
cow milk was purchased from the farm of the 
Faculty of Agriculture, University of Ruhuna. 
Fermentation of yoghurt was carried out 
using freeze-dried thermophilic yoghurt 
starter culture containing Streptococcus 
thermophilus and Lactobacillus delbruekii ssp 
bulgaricus (1:1 ratio) (Chr. Hansens 
Laboratories, Denmark). Skim milk powder 
(Anchor, Fonterra, Sri Lanka), sugar, gelatin, 
vanilla flavour and polystyrene yoghurt cups 
were obtained from the local market, 
Kamburupitiya, Sri Lanka. 
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was used to filter the liquid, and distilled 
water was used to wash the starch. While 
allowing the granules to settle, water was 
decanted. Fifteen minutes were spent 
centrifuging the sediments at 2200 x g. The 
starch was taken out, dried overnight at room 
temperature (26±1 ℃), and ground into a fine 
powder (SPS3) using a mortar and pestle, as 
reported by Surendra Babu and Parimalavalli 
(2014). 
 
Manufacturing of yoghurt 
Raw cow milk (3.67±0.58 % fat and 
8.74±1.31 % SNF) was preheated to 40±1°C 
and cream was separated using a cream 
separator. Milk was standardized to 3% fat 
and 12 % SNF by adding the required amount 
of cream and SMP. The extracted SPS was 
used separately according to the extraction 
method at the rate of 0.5% to prepare 3 
batches of yoghurt, and gelatin was added as 
the stabilizer at the rate of 0.5 % to prepare 
the control yoghurt (Table 1).  
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in an incubator maintained at 42±1°C 
temperature until the desired pH of nearly 4.6 
was attained. The resultant yoghurts were 
immediately kept in a refrigerator maintained 
at 4±1°C until further analysis.  
 
Proximate composition and pH of SPS 
The crude protein percentage of the SPS was 
determined by using the Kjeldahl method (N 
× 6.25). Soxhlet procedure was used to 
determine the fat percentage of the SPS. The 
oven dry method was used to determine the 
dry matter and moisture content of SPS. The 
Ash content of the SPS was determined by the 
ignition method as mentioned in AOAC 
(2000). The pH of SPS was measured as 
follows. Five grams of starch sample was 
mixed in 25 mL of distilled water for 60 
seconds and allowed for settling 15 minutes. 
After that, the pH of the water phase was 
measured using a benchtop digital pH meter 
(Agilent, 3200P) after calibration with fresh 
pH 4.0 and 7.0 standard buffers at 25°C (ISI 
26, 1999).  
 
Physical properties of SPS 
Water absorption capacity (WAC) 
In a centrifuge tube with a defined weight, 1 g 
of the starch sample was mixed with 10 mL of 
water. After keeping for 30 minutes, the 
mixture was centrifuged (2200 × g, 15 
minutes), and the supernatant was discarded. 
The gain in weight of the tube was recorded. 
The WAC was calculated as follows, 
according to Surendra Babu and Parimalavalli 
(2014).  

Treatment Description 
C Yoghurt stabilized with 0.5 % (w/w) 

gelatin 
T1 Yoghurt stabilized with 0.5 % (w/w) 

SPS1 
T2 Yoghurt stabilized with 0.5 % (w/w) 

SPS2 
T3 Yoghurt stabilized with 0.5 % (w/w) 

SPS3 

Table 1: Treatments used in the study 

The resultant yoghurt mixes were separately 
pasteurized at 85°C for 30 minutes. Then the 
yoghurt mixes were cooled to 42°C in a water 
bath. Direct vat set (DVS) yoghurt starter 
culture containing S. thermophilus and L. 
delbruekii ssp. bulgaricus (1:1) was added at 
the rate of 2 % of the yoghurt mix and mixed 
well for the proper distribution of the culture 
microorganisms. The vanilla flavour (0.01 % 
v/w) was added as the flavouring agent and 
mixed well, and the yoghurt mix was poured 
into 80 mL polystyrene cups. They were kept 

C: Control; SPS1: Sweet potato starch extracted using distilled water 

without centrifugation; SPS2: Sweet potato starch extracted using 

NaCl with centrifugation at 2200 × g/15 min; SPS3: Sweet potato 

starch extracted using distilled water with centrifugation at 2200 × 

g/15 min 

Solubility and swelling power   
Distilled water (180 mL) was added to a 2 g 
sample of SPS in a centrifuge tube before 
being heated in a water bath at 50 to 90°C for 
30 minutes with 10°C intervals. The 
suspension was heated and centrifuged for 15 
minutes at 2200 × g. Suction was used to 
remove the supernatant, which was then dried 
for 4 hours at 120°C in an oven to determine 
the amount of soluble starch extracted. 
Solubility and the swelling power of SPS 
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Water holding capacity (WHC) 
The WHC of yoghurt was measured by a 
centrifugation method proposed by Narayana 
and Gupta (2013) with slight modifications. 
Ten grams of yoghurt sample was centrifuged 
at 1,500×g for 10 minutes at 10±1°C within 
12 hours of the production of set yoghurt. The 
supernatant was removed within less than 10 
minutes and the wet weight of the pellet was 
recorded. The WHC was calculated by the 
following equation.  

 

 

Instrumental colour 
Instrumental colour analysis of the yoghurt 
samples was performed by using PCE-CSM 2 
colourimeter calibrated with the white 
calibration plate provided and as specified by 
the manufacturer. CIELab colour scale was 
used to get L*, a* and b* values. The L* value 
ranges from 0 to 100, indicating the brightness 
from black to white; the a* value indicates the 
variation from red (+a*) to green (-a*); the b* 
value indicates the variation from yellow 
(+b*) to blue (-b*) in the CIELab colour scale. 
 

Sensory evaluation  
Sensory evaluation was carried out by using 
an untrained panel of thirty judges, following 
the method proposed by Mason and 
Nottingham (2002) for the finished yoghurt 
samples for appearance, flavour, texture, 
acidity and overall acceptability after one day 
of refrigerated storage at 4±1°C. Non-
smoking, regular yoghurt-consuming healthy 
adults who were willing to participate in the 
sensory evaluation test were selected. 
Individual sensory booths were prepared with 
the yoghurt samples, drinking water to wash 
off the mouth and a sensory evaluation sheet. 
The place was well-ventilated, and ample 
lighting was provided to eliminate 
disturbances from nuisance odours and 

were calculated following the method 
mentioned by Surendra Babu and 
Parimalavalli (2014) as follows.  

 

 
 
 
The weight of the sedimented paste per gram 
of dried starch was used to calculate the 
swelling power of SPS.  

 

 
 
Physicochemical properties of raw milk, 
yoghurt mix and finished yoghurt 
The pH of raw milk, yoghurt mix and the 
finished yoghurt were measured using a 
benchtop digital pH meter (Agilent 3200P, 
USA) after calibration with fresh pH 4.0 and 
7.0 standard buffers at 25°C. Titratable 
acidity (TA) of raw milk, yoghurt mix and the 
finished yoghurt was determined by titrating 
with 0.1 N NaOH using 0.5 % 
phenolphthalein indicator. Total solids and 
solid-not-fat contents of milk were 
determined by the lactometer method, 
whereas the fat content was using the Gerber 
method. 
 
Physical properties of yoghurt 
Spontaneous whey syneresis (SWS) 
Spontaneous whey syneresis was determined 
in undisturbed set yoghurt samples according 
to the method proposed by Amatayakul et al. 
(2006) and modified by Narayana and Gupta 
(2013). A cup of yoghurt (80 mL) was tilted 
at an angle of 45° to collect the surface whey, 
immediately after removing it from the 
refrigerator. Collected whey was siphoned out 
by using a needle fitted to a graduated 
syringe. Siphoning was completed within 10 
seconds to avoid forced leakage of whey from 
the yoghurt. Percent SWS was calculated as 
follows. 
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insufficient light conditions, respectively. 
Each yoghurt sample was labelled with 
random three digits. Panellists were advised to 
evaluate the samples in a quick manner but 
not in a hurry using a 5-point hedonic scale (1 
= dislike extremely, 2 = dislike slightly, 3 = 
neither like nor a dislike, 4 = like slightly and 
5 = like extremely). 
 
Statistical Analysis 
All the experiments were conducted in 
triplicates. Data were tabulated and analyzed 
using SPSS (ver. 25) statistical software 
package. Differences in the mean values of 
the parameters tested among the treatments 
were examined using one way ANOVA 
procedure followed by Tukey’s test. Sensory 
data were analyzed using Friedman non-
parametric test. 
 
RESULTS AND DISCUSSION  
Proximate composition of SPS extracted 
using different methods 
Table 2 shows the proximate composition of 
SPS obtained using three different extraction 
methods. It was observed that the proximate 
composition varied significantly (p<0.05) 
among the starches extracted by different 
methods. The lowest moisture percentage was 
observed in the starch extracted using distilled 
water without centrifugation and the highest 
in the starch extracted using distilled water 
with centrifugation at 2200 × g/ 15 minutes. 
Babu and Parimalavalli (2014) extracted 
starch from sweet potatoes using sodium 
metabisulphite, sodium chloride and distilled 
water separately and reported that the starch 
moisture percentage was in the range of 14.11
-17.76.  

Further, Tsakama et al. (2010) studied the 
physicochemical and pasting properties of 
starch extracted from different sweet potato 
varieties grown in Africa and reported that the 
moisture percentage of the starches varied 
significantly with the variety as well as with 
the extent of drying, from 6.83 to 12.4. In 
another study, Oswal et al. (2019) extracted 
starch from 3 different sweet potato varieties 
grown in India and observed that the moisture 
percentage varied from 14.23 to 14.82. In the 
current study, even though the same variety of 
sweet potato was used, 3 different starch 
extraction methods having slight variations in 
drying were employed in accordance with the 
past literature and observed that the moisture 
percentage was between 12.73±0.05 to 
16.74±0.03. Nevertheless, the moisture 
percentage observed was within the range of 
10-20 %, which is recommended for 
commercial starches (Soni et al. 1993). The 
dry matter percentage of the starches was in 

the range of 83.26±0.03 to 87.27±0.05, and 

in their study, Babu and Parimalavalli (2014) 
reported that the dry matter percentage of SPS 
extracted was between 82.22 to 85.88. 
Further, Oswal et al. (2019) stated that the dry 
matter percentage of starches extracted from 3 
different Indian sweet potato varieties varied 
from 82.94 to 83.51. The protein, fat and ash 
percentages of extracted SPS were observed 
to be low, indicating the high purity of starch. 
The ranges of protein, fat and ash percentages 
were from 0.14±0.01 to 0.22±0.02, 0.08±0.01 
to 0.10±0.01, 0.24±0.01 to 0.32±0.03, 
respectively in extracted starches and 
significant (p<0.05) variations were observed 
depending on the extraction procedure. 
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*n=3 

a, b, c Mean±SD with different superscripts within each column differ significantly (p<0.05) 
 

(SPS1: Sweet potato starch extracted using distilled water without centrifugation; SPS2: Sweet potato starch extracted using NaCl with centrifugation at 

2200 × g/15 min; SPS3: Sweet potato starch extracted using distilled water with centrifugation at 2200 × g/15 min) 

Sweet Potato 
Starch 

Proximate Composition (%) 
Moisture Dry Matter Protein Fat Ash 

SPS1 12.73±0.05a 87.27±0.05c 0.19±0.01b 0.10±0.01b 0.30±0.01b 
SPS2 14.39±0.03b 85.61±0.03b 0.14±0.01a 0.08±0.01a 0.24±0.01a 
SPS3 16.74±0.03c 83.26±0.03a 0.22±0.02c 0.09±0.00b 0.32±0.03b 

Table 2: Proximate composition* of SPS extracted using different methods 
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Ghoshal and Kaur (2023) extracted SPS using 
the alkali extraction method with NaOH and 
the protein and ash percentages they observed 
were 0.14 and 0.21, respectively. Oswal et al. 
(2019) reported that the protein, fat and ash 
percentages of SPS extracted from 3 different 
Indian varieties were in the range of 0.11 to 
0.12, 0.05 to 0.06 and 0.33 to 0.34, 
respectively and more or less similar to the 
values observed in the current study.  
 
Water absorption capacity and pH of SPS 
extracted using different methods 
The results of WAC and pH of SPS extracted 
using three different methods are shown in 
the Table 3. Water absorption capacity ranges 
from 0.598±0.004 mg/g in SPS extracted 
using NaCl with centrifugation at 2200 × g/15 
minutes to 0.780±0.002 mg/g in SPS 
extracted using distilled water without 
centrifugation and was observed to be 
significantly (p<0.05) different. Babu and 
Parimalavalli (2014), in their study where 3 
different extraction methods were used, 
reported that the WAC of SPS ranged 
between 0.62 to 0.66 mg/g and no significant 
differences were observed depending on the 
extraction method. Oswal et al. (2019) 
reported 0.61 to 0.89 mg/ g of WAC for 
starches from Indian sweet potato varieties. 
The WAC of starch is associated with the 
interactive forces within the starch 
components, and weak interactive forces 
result in higher WAC (Oswal et al., 2019). 
Therefore, it can be stated that SPS1, which 
was obtained by distilled water extraction 
without centrifugation, has weak interactive 
forces compared to the SPS extracted using 
the other two extraction methods. Further, 
Cavalcanti et al. (2019) reported that the 
WAC can be further improved by 
modification of sweet potato starches. The 
starch they obtained from a sweet potato 
cultivar had 0.76 g/100 g WAC, which is 
more or less similar to the values observed in 
the current study. Also, they mentioned that 
some products which require characteristics 
such as improved crunchiness need low water 
absorption as well as low oil absorption 
capacities. However, in the current study, 
improved WAC is much more important 
since the extracted starch was intended to be 

utilized as a stabilizer for producing set style 
yoghurt. 
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Table 3: Water absorption capacity and pH 
of SPS extracted using different methods  

n=3 

a, b Mean±SD with different superscripts within each column differ 

significantly (p<0.05)  

(SPS1: Sweet potato starch extracted using distilled water without 

centrifugation; SPS2: Sweet potato starch extracted using NaCl with 

centrifugation at 2200 × g/15 min; SPS3: Sweet potato starch extracted 

using distilled water with centrifugation at 2200 × g/ 15 min) 

Sweet potato starch WAC (mg/g) pH 

SPS1 0.780±0.002b 4.5±0.01a 
SPS2 0.598±0.004a 4.7±0.01b 

SPS3 0.643±0.036a 4.5±0.02a 

pH of SPS was observed to be not 
significantly (P>0.05) different between SPS1 
and SPS3 (Table 2). However, the pH of SPS2 
was significantly (p<0.05) higher when starch 
was extracted using NaCl with centrifugation 
at 2200 × g/15 minutes. This finding agrees 
with the pH reported by Babu and 
Parimalavalli (2014) for SPS extracted using 
different extraction media. The reason might 
be due to the easy absorbance of CO2 to 
water, which makes it acidic and not for NaCl. 
It ultimately resulted in higher pH in the 
starch extracted using the NaCl extraction 
medium. Nevertheless, all the starches 
extracted using different methods had acidic 
pH value. This low pH of starch ensures its 
microbial stability during storage. Tsakama et 
al. (2010) reported that the pH of extracted 
starch from eleven different sweet potato 
varieties varied from 4.33 to 5.57. Further, 
they mentioned that the starch pH is related to 
starch functionality. High pH starches had 
increased solubility because of the increased 
hydrophilic characteristics of the starch at 
these pH values (Adebowale et al., 2005).  
 
Swelling power and solubility of SPS 
extracted using different methods 
Figures 1 (a) and (b) show the changes in 
swelling power and solubility of SPS 
extracted using different methods within the 
temperature range from 50 to 80°C, 
respectively. The swelling power measures 
the WHC of starch after being heated, cooled, 
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and centrifuged, while the solubility reflects 
the degree of dissolution during the starch 
swelling procedure (Zhang et al., 2018).  

Figure 1: Changes of swelling power (a) 
and solubility (b) of SPS extracted using 
different methods with increasing tempera-
ture  
Values are mean±SD (n=3), SPS1: Sweet potato starch extracted using 

distilled water without centrifugation; SPS2: Sweet potato starch ex-

tracted using NaCl with centrifugation at 2200 × g/15 min; SPS3: 

Sweet potato starch extracted using distilled water with centrifugation 

at 2200 × g/15 min 

However, Xu et al. (2018) reported that the 
starches extracted from the same sweet potato 
with different extraction media had similar 
swelling power and solubility. Further, Babu 
and Parimalavalli (2014) observed the 
swelling power of SPS extracted using 3 
different methods and reported that it changed 
from 3.01 to 14.30 g/g. Moreover, they 
observed that the swelling power increased 
significantly with the increasing temperature 
from of 50- 60°C. 
  
The swelling power increased at a decreasing 
rate from 70-80°C temperature (Figure 1a). 
Miao et al. (2021) mentioned that for the 
native starches, the swelling power increased 
as the temperature increased but slightly 
decreased as the heat treatment was extended. 
The slight decrease in swelling power might 
be due to the destruction of starch granules by 
high temperatures, resulting in restricted 
swelling, thus decreasing the swelling power 
(Gul et al., 2014). The swelling power of 
starch is associated with starch and its minor 
components, such as proteins and lipids, as 
well as processing conditions 
(Prinyawiwatkul et al., 1997) and amylose 
and amylopectin present in the starch granules 
(Tester and Morrison, 1990). The main factor 
influencing the swelling property is the tightly 
bound micellar network of the starch polymer 
(Gujska et al., 1994). The low swelling power 
of starch is due to the extensive and strongly 
bonded micellar structure (Riley et al., 2006) 
and crystallite formation (Singh et al., 2004).  
 
The solubility increased significantly (p<0.05) 
from an initial value of 0.75 - 0.83% to 5.64 - 
5.87% in SPS extracted with different 
methods with increasing temperature, and 
significant differences were observed with the 
extraction method (Figure 1b). Solubility 
values observed in this experiment are 
comparatively less compared to the values 
reported by Xu et al. (2018) for sweet 
potatoes. They reported that different sweet 
potato varieties had different swelling powers 
and solubilities. It was observed that the 
solubility of starch increased gradually from 
50-70°C and sharply from 70-80°C. Alam and 
Hasnain (2009) worked with Taro starch and 
reported that the solubility of starch is a 

It was observed that the swelling power 
increased significantly (p<0.05) from an 
initial value of 3.28 - 4.39 to 11.12 - 12.12 g/g 
with increasing temperature in SPS extracted 
with different methods, and significant 
differences were observed with the starch 
extraction method. This outcome is 
comparable with the findings of Huang et al. 
(2010), who observed that the swelling power 
of SPS was found to be 5.23 to 16.38 g/g 
within the temperature range of 65-95°C. 

a 

b 
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function of temperature between 70-90°C. 
Moreover, they mentioned that starches are 
less soluble below their gelatinization 
temperature. At higher temperatures, an 
increase in solubility indicates an increase in 
solubilized amylopectin, and this increase is 
enormous after granule disruption. The 
solubility of starches is affected by factors 
such as inter-associative forces, swelling 
power, presence of surfactants and associative 
compounds, starch granule size, amylose 
content, etc. (Riley et al., 2006; Moorthy, 
2002; Sibanda et al., 2000; Soni et al., 1985). 
Further to this, SPS2 has comparatively 
higher solubility values (Figure 1b), and as 
reported by Adebowale et al. (2005) and 
mentioned elsewhere in this article, SPS2 has 
high pH and, therefore, high hydrophilic 
properties, which increase the solubility. 
 
Physicochemical and physical properties of 
yoghurt stabilized with SPS extracted 
using different methods 
pH and TA of yoghurt mixes during the 
incubation 
It was observed that in all the yoghurt mixes, 
pH was decreased from an initial value 
ranging from 6.3-6.4 to a final value ranging 
from 4.2-4.6 while TA was increased from 
0.22-0.25 to 0.68-0.81% lactic acid (LA) 
during the incubation period of 3 h at 42±1°C 
(data not shown). It indicates a typical pH 
lowering and acidity increment trend in all the 
treatments. It is a well-established fact that 
the gradual pH reduction of a yoghurt mix 
during the incubation is as a result of the 
increment of the lactic acid produced by 
yoghurt starter bacteria due to the 
fermentation of milk sugar lactose into lactic 
acid. The above observations indicated that 
the addition of gelatin, as well as the SPS 
extracted using different methods, did not 
have any negative impact on the metabolic 
activity of the starter culture microorganisms 
used, and therefore, SPS can be used as an 
effective stabilizer in the yoghurt production.   
 
pH and TA after yoghurt gel stabilization 
Table 4 shows the physicochemical and 
physical properties of yoghurt (including pH 
and TA) stabilized with gelatin (control), and 
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SPS extracted using different methods (T1-
T3) after 1 day of storage at 4±1°C.  

Table 4: Physicochemical and physical 
properties of yoghurt stabilized with SPS 
extracted using different methods  

n=3 
a, b 

Mean±SD with different superscripts within each column differ 

significantly (p<0.05)  

C: Control (0.5% gelatin); T1: 0.5% SPS1; T2: 0.5% SPS2; T3: 0.5% 

SPS3 (SPS1: Sweet potato starch extracted using distilled water with-

out centrifugation; SPS2: Sweet potato starch extracted using NaCl 

with centrifugation at 2200 × g/15 min; SPS3: Sweet potato starch 

extracted using distilled water with centrifugation at 2200 × g/15 min); 

TA: titratable acidity; LA: lactic acid; WHC: water holding capacity; 

SWS: spontaneous whey syneresis; ND: not detected 

Treatment pH TA  
(% LA) 

WHC  
(%) 

SWS 
(%) 

C 4.60 
±0.00b 

0.76 
±0.02ab 

92.32 
±4.41b 

ND 

T1 4.30 
±0.10a 

0.81 
±0.03b 

79.12 
±3.05a 

ND 

T2 4.40 
±0.00a 

0.71 
±0.02a 

82.65 
±3.15ab 

ND 

T3 4.27 
±0.06a 

0.80 
±0.02b 

78.79 
±3.98a 

ND 

It was observed that the control yoghurt 
stabilized with gelatin had significantly 
(p<0.05) higher pH compared to the yoghurt 
stabilized with SPS extracted using different 
methods. In contrast, no differences were 
observed in the yoghurt stabilized with SPS. 
However, the TA of the yoghurt after gel 
stabilization did not show a special trend and 
was above the minimum TA (0.6% LA) 
prescribed for yoghurt (Codex Alimentarius 
Commission, 2023).    
 
Water holding capacity and SWS of 
yoghurt 
Water holding capacity, which is the ability of 
a yoghurt gel to hold all or part of the water 
(Bierzuńska et al., 2019), is an important 
physical property of yoghurt. It reflects the 
stability of the coagulum and its ability to 
hold water in the yoghurt matrix (Narayana et 
al., 2022). This will, in turn, help to avoid 
whey syneresis, which is considered a major 
defect, especially in a set style yoghurt that 
may lead to consumer rejections (Narayana 
and Gupta, 2013). Water holding capacity of 
the yoghurt stabilized with gelatin was 
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observed to be 92.32±4.41 and was 
significantly (p<0.05) higher compared to the 
yoghurt stabilized using SPS extracted either 
with or without centrifugation except in T2 
(Table 4), confirming the effectiveness of 
gelatin in binding water in the yoghurt matrix. 
Nevertheless, the absence of SWS indicates 
the possibility of utilizing SPS extracted using 
any method as a stabilizer in the production of 
cow milk set yoghurt at the rate used.   
 
Instrumental colour of the yoghurt  
Colour is an important factor that affects the 
consumer acceptance and commercial value 
of food (Yilmaz-Ersan and Topcuoglu, 2021), 
and yoghurt is no exception. Table 5 depicts 
the instrumental colour of the yoghurt 
prepared using SPS as the stabilizer extracted 
using different methods. 

extracted using distilled water with 
centrifugation was used to stabilize the 
yoghurt, with no significant (p>0.05) 
difference. Further, a* value ranged from 
greenness to redness from -0.64±0.47 in T1 to 
0.77±0.22 in T3 with no significant 
difference. The treatments having minus a* 
value confirm the dominating green tone over 
the red except in T3, where SPS extracted 
using distilled water with centrifugation was 
used to stabilize the yoghurt gel. The sweet 
potato starch used in this study was white in 
colour, as in normal starches. Therefore, it is 
obvious that there should not be any 
difference between the treatments. However, 
Abegunde et al. (2013) studied colour 
characteristics of commercially used Chinese 
sweet potato starches and reported significant 
differences between them with respect to L*, 
a* and b* values. Further he reported that 
these differences might be due to the 
pigmentation on starches that negatively 
affects the acceptability of starches. 
Generally, a high lightness value of starches is 
desired in the industry. With respect to the b* 
values in the yoghurt in the current study, 
some differences were observed and the 
control yoghurt showed the highest 
yellowness compared to the other treatments. 
This might be due to the faint yellow colour 
of gelatin (Gelatin Manufacturers Institute of 
America, 2012) over the white colour of SPS 
used in the other treatments in the current 
study, even though the added percentage as a 
stabilizer was considerably lower, i. e. 0.5%. 
Moreover, b* values with all the 
measurements above zero confirm that the 
yellow colouration dominates over the blue in 
all the treatments, including the control.  
 
Sensory quality of yoghurt  
Satisfactory sensory quality is a critically 
important factor in consumer acceptance and 
market success of any food product. Table 6 
shows the results of the sensory evaluation of 
set yoghurt made using SPS as the stabilizer 
extracted with different methods.  
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Treatment Instrumental Colour 

L* a* b* 

C 67.32 
±11.69 

-0.23 
±0.34 

16.75 
±0.96b 

T1 68.79 
±0.31 

-0.64 
±0.47 

16.01 
±0.29ab 

T2 67.31 
±0.31 

-0.26 
±0.07 

15.19 
±0.05a 

T3 73.74 
±2.54 

0.77 
±0.22 

15.82 
±0.34ab 

Table 5: Instrumental colour of the yo-
ghurt stabilized with SPS extracted using 
different methods 

a, b Mean±SD with different superscripts within each 
column differ significantly (p<0.05)  
{C: Control (0.5% gelatin); T1: 0.5% SPS1; T2: 0.5% 
SPS2; T3: 0.5% SPS3 (SPS1: Sweet potato starch ex-
tracted using distilled water without centrifugation; 
SPS2: Sweet potato starch extracted using NaCl with 
centrifugation at 2200 × g/15 min; SPS3: Sweet potato 
starch extracted using distilled water with centrifuga-
tion at 2200 × g/15 min); L* = Lightness; a* = redness 
(+) and greenness (-); b* = yellowness (+) and blueness 
(-) 

It was observed that none of the values 
recorded for L* and a* were having 
significant differences between the 
treatments. In fact, the L* or the lightness 
value was higher and ranged from 67.31±0.31 
in T2 where SPS extracted using NaCl with 
centrifugation was used to stabilize the 
yoghurt gel to 73.74±2.54 in T3 where SPS 
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Treatment Sensory Score* 

Colour & Appearance Flavour Body & Texture Acidity Overall Acceptability 

C 4.18±0.92 3.39±1.24 3.51±1.19 3.45±1.03 3.59±1.22 
T1 4.09±0.79 3.64±0.83 3.75±0.90 3.48±1.06 3.89±0.78 
T2 4.10±0.89 3.72±0.91 3.67±0.82 3.67±0.82 3.80±0.84 

T3 3.84±0.83 3.74±0.94 3.33±1.12 3.55±1.02 3.52±0.99 

Values are presented as mean±SD.  

5-point hedonic scale was used where 1 = strongly disagree and 5 = strongly agree  

{C: Control (0.5% gelatin); T1: 0.5% SPS1; T2: 0.5% SPS2; T3: 0.5% SPS3 (SPS1: Sweet potato starch extracted using distilled water without centrifu-

gation; SPS2: Sweet potato starch extracted using NaCl with centrifugation at 2200 × g/15 min; SPS3: Sweet potato starch extracted using distilled water 

with centrifugation at 2200 × g/15 min) 

Table 6: Sensory attributes of the yoghurt stabilized with SPS extracted using different meth-
ods 

Statistical analysis using Friedman test 
revealed that there was no significant 
difference (p>0.05) between treatments 
including the control for all the sensory 
attributes (X2 = 6.627, p=0.085 for colour & 
appearance; X2 = 1.235, p=0.745 for flavour; 
X2 = 1.604, p=0.658 for body & texture; X2 = 
0.245, p=0.970 for acidity and X2 = 1.730, 
p=0.630 for overall acceptability).  Therefore, 
it can be stated that consumer preference was 
not significantly affected due to the 
incorporation of SPS instead of gelatin for the 
yoghurt gel stabilization. Stabilizers 
especially improve the texture of the yoghurt. 
The sensory body and texture of T1 and T2 
were better than the control yoghurt stabilized 
with gelatin, even though the scores are not 
significantly different (Table 6). Furthermore, 
the overall acceptability score was also 
observed to be better in T1 and T2 compared 
to the control indicating the possibility of 
using SPS as an effective stabilizer in the 
production of set yoghurt     
 
CONCLUSIONS 
Even though the method of extraction 
influenced the moisture content, pH, WAC, 
swelling power, and solubility of SPS, the 
values were within the acceptable range 
reported for starch. The added SPS for the 
yoghurt gel stabilization did not negatively 
affect the milk fermentation ability of the 
starter culture microorganisms or the 
physical, physicochemical, and sensory 
quality of the resultant yoghurt. Therefore, 
SPS extracted using any method specified in 
the present study is recommended at the rate 

of 0.5% to manufacture good quality cow 
milk set yoghurt.  
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