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Stabilizers are used in the food industry, particularly during yogurt manufacturing to
improve the texture, mouth feel, and appearance. In the present study, starch was
extracted from the Arvi plant. The extraction of starch was carried out with and without
the use of chemicals. The yogurt was prepared with the help of bacterial starter culture
i.e., Lactobacillus bulgaricus and Streptococcus thermophilus. Different levels of Arvi
starch (0.1, 0.2, 0.3, 0.4, and 0.5%) were used in the preparation of yogurt along with
culture. The control was prepared by using 0.5% gelatin. Yogurt samples were observed
for their texture, pH, syneresis, total solids, acidity, water-holding capacity, and
organoleptic characteristics. These characteristics were also analyzed after the 7 and
15 days of storage. The Arvi starch at 0.5% level increases the water holding capacity,
and viscosity and lowers the syneresis problems in yogurt as compared to the control
that contains gelatin (0.5%). The Arvi starch at the level of 0.5% gave the best results
as it increased the acceptability, viscosity (1940-2365cp), and water holding capacity
(29.30-30.50%) of yogurt. However, the sensory attributes were not affected
significantly by the addition of Arvi starch at 0.5% level.

1. Introduction

of corms is also low due to high water content. The main
constituent of Arvi is starch which has been reported up to

Various polysaccharides are used in the food industry across
numerous recipes, though some remain underexplored and
have untapped potential for food applications. These sources
of carbohydrates are either wild or cultivated plants that have
many functional properties. Polysaccharides which are used
for food production come from edible sources. Arvi or taro is
a good source of starch. It is the thickened underground part
of a stem that grows in Asia, Africa, North America, and
other tropical regions worldwide. This part is typically
referred to as the corm, which is rich in starch and serves as
a popular root vegetable (Ubalua et al., 2016). The shelf life

80%. The size of the starch granules is also very small
generally less than 10 pum. The mucilage content of Arvi
starch is 9.1% in its crude form (Pachuau et al., 2018). The
Arvi contains 70-80% digestible starch. The digestibility of
Arvi starch is high because the granule size is very small as
it is used in infant formulas and for gastric patients (Lovera
et al, 2017). Arvi has 63-85% moisture and due to high
moisture content, it has high post-harvest losses. The protein
content of Arvi ranges from 1-5%. It has been estimated that
30% of losses occurred during storage. Arvi storage in the
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form of starch or flour is an excellent idea to reduce the
losses. The stability of native Arvi starch would be increased
due to the addition of pectin, polysaccharides, and stabilizers
(Hussein et al., 2010). Arvi is abundant in carbohydrates and
serves as a less significant source of oils and fats. It is also
rich in vitamins, including B1, B2, and B3, as well as
important minerals such as phosphorus, magnesium, and
zinc. Additionally, the corms of Arvi are recognized as an
industrial source of starch and flour. (Aboubakar et al., 2008).

Starch comprises a long chain of alpha-glucose units and
is insoluble in water (Yazid ef al., 2018). Starch possesses
several key properties that play an essential role in food
applications, where it serves as a thickener, stabilizer, texture
enhancer, gelling agent, and binding agent (Shaheryar et al.,
2023). Due to its small granule size and ease of digestion, this
source's starch is suitable for infant formulas and gluten-free
products (Nagar et al, 2021). Yogurt is a healthy and
nutritious human food, containing beneficial lactic acid
bacteria (LAB). Because of the presence of these bacteria,
yogurt is recognized as a probiotic product (Tan et al., 2016).
The quality of yogurt can be improved by maintaining its
stability and consistency. Arvi starch is used as a stabilizer in
yogurt, serving functions such as texture modification,
enhancing appearance, and preventing syneresis. Key roles of
stabilizers like Arvi starch include improving water-holding
capacity and modifying texture to create a more consistent
product. The activity of stabilizers is affected by
composition, interaction with milk proteins, and rheological
properties. It is considered that the digestibility of Arvi starch
is comparable to corn starch. Arvi (taro) starch also contains
antinutritional factors such as oxalates, which can cause a
tingling or unpleasant sensation in the mouth (Kumar and
Belur, 2018).

Achieving effective stabilization in yogurt is a
significant challenge for the food industry today. Unlike
conventional starches such as corn, potato, cassava, and rice
starch, Arvi (taro) starch remains relatively under-researched,
though interest in its potential applications has grown over
time. The main aim of this study is to address these
challenges and enhance the stability and sensory qualities of

yogurt through the incorporation of Arvi starch.
2. Materials and Methods

2.1. Raw materials
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Cow milk was collected from a dairy farm in Faisalabad,
Pakistan, and stored under suitable conditions (under
refrigeration) to prevent spoilage. Disease-free, healthy Arvi
was sourced from the local market.

2.2. Yogurt starter culture
Yogurt culture, comprising Lactobacillus bulgaricus and

Streptococcus thermophilus, was obtained from the dairy
laboratory at the National Institute of Food Science and
Technology, University of Agriculture, Faisalabad, and
preserved through freeze-drying (Tan et al., 2016).

2.3. Extraction of starch
2.3.1. Extraction without chemicals
The arvi was washed with tap water and peeled before

being dried in an oven at 50°C. The dried sample was then
processed using a hammer mill and passed through a 500 um
screen. Arvi flour (100 g) was soaked in water for 12 hours.
To homogenize the slurry, it was blended in a laboratory
blender (model 51BL30) and subsequently screened through
a sieve with a mesh size of 150 pum. The resulting crude starch
was collected from the sediment after one day and oven-dried
for further analysis (Oladebeye et al., 2009; Aboubakar et al.,
2008).

2.3.2. Extraction with chemicals
In this method, chemicals such as sodium bisulfite and

ethyl alcohol were utilized for the extraction process. The
sample was washed and prepared for blending, which was
performed using a sodium bisulfite solution (750 ml/L).
Filtration was then carried out using 200 mesh sieves, with
the residues rinsed in sodium bisulfite. The resulting filtrate
was stored at 4°C for 12 hours. A 0.1% NaOH solution was
used to facilitate the settling of starch particles before
centrifugation, which was conducted at 6000 rpm. The
centrifuged precipitate exhibited a pH close to neutral after
the washing and drying processes, with ethyl alcohol also
used for washing. Oven drying was employed to prevent
damage to the starch during milling. The starch was then
ground and passed through 200 mesh sieves. The Arvi starch
powder was collected and stored in a dry place, with the
starch samples properly wrapped in polythene bags for
preservation (Sameen et al., 2016; Hung et al., 2010).

2.4. Analysis of starch
2.4.1. Ash, moisture and crude protein content
The moisture, protein, and ash content were determined

using AOAC (2000) methods.
2.4.2.pH

The pH was measured with the help of a digital pH meter
(WTW inoLab pH 720). The Starch sample (15 g) was mixed
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with water and the electrode was immersed in it, providing a
pH reading on the meter (Ali et al., 2023).

2.4.3. Water holding capacity (WHC)
WHC was calculated by taking 1 g of Arvi starch and

centrifuging it at 16000 rpm at room temperature for 10-15
minutes (Garg and Jana, 2011).

2.4.4. Swelling power and solubility
The starch sample (0.1 g) was dissolved in 20 ml of water

for 2 minutes and then centrifuged at 3000xg for 15-20
minutes to assess its solubility behavior (Pachuau et al., 2018;
Garg and Jana, 2011). To determine the swelling power (SP)
of the starch, 0.5-1 g of the starch sample was dissolved in 20
ml of distilled water in centrifuge tubes, which were then
placed in a water bath at varying temperatures (60, 70, 80,
and 90°C). The samples were centrifuged at 12000xg. The
fluid floating on the surface was poured into a petri dish and
dried in an oven at 105°C until all moisture was removed. An
electrical digital balance was used to weigh the swollen starch
granules (Sit et al., 2013).
dried starch weight in petri dish

% solubility = x 1
% solubility weight of sample 00

weight of swollen granules

"~ weight of dry sample X (1 — solubility) %

100

2.4.5. Syneresis
The syneresis of starch was estimated by first heating the

suspension at 85°C for 25 minutes followed by centrifuged at
3000 rpm for 20 minutes (Singh et al., 2009).

2.4.6. Pasting properties
Pasting properties of starch were determined by using the

RVA (Rapid Visco Analyzer). A 12 g of starch slurry was
used for the determination of the viscosity profile. The
heating and cooling cycles were used in which heating was
done at 95°C. The sample was kept at this temperature for 2.5
minutes. Cooling of the sample was done, and the
temperature was reduced to 95-50°C and the sample was kept
at this temperature for 2 minutes (Sukhija et al., 2016). RVA
plotted the graph from which peak viscosity, hold viscosity,
and final viscosity were recorded (Agama-Acevedo et al.,
2011).

2.5. Preparing yogurt
In preliminary trials, different concentrations of Arvi

starch (0.1, 0.2, 0.3, 0.4, 0.5%) were used in yogurt but a
0.5% level was selected for further study to check its effects
on yogurt properties. The starch at the concentration of 0.5%
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(without chemicals and with chemicals extraction) was
dissolved in a small amount of milk. Buffalo milk was heated
at 90°C for 10 minutes and then the above mixture was
dissolved in it (Krisnaningsih et al., 2018). The purpose of
heating was to improve the consistency of yogurt and reduce
the expulsion of whey. Heating not only concentrated the
milk but also effectively eliminated
microorganisms, ensuring a safer and richer product. A
bacterial starter culture of LAB (Lactobacillus bulgaricus
and Streptococcus thermophilus) was added in the milk. The
incubation was carried out at 42°C for 2-3 hours. The yogurt
was stored for 7 days in the refrigerator at 4°C and analyses
were performed after 0, 7, and 15 days of storage (Hussein et
al, 2011).

Table 1. Treatment plan

unwanted

Yogurt samples Arvi starch Gelatin
Gy - 0.5%
Py - -

S 1Y1 0.5 % -

Szyz 0.5% -

Gy= yogurt with 0.5% gelatin (control); Py= Plain yogurt
(no stabilizer); Siy1= Arvi starch at 0.5% level (extraction
without chemicals); S;y,= Arvi starch at 0.5% level
(extraction with chemicals)

2.6. Analysis of yogurt
The yogurt chemical analysis was carried out by using

AOAC (2005) methods. Yogurt was tested for its acidity pH,
total solids, syneresis, viscosity and water holding capacity
during 0 to 15 days of storage.

2.6.1. Acidity and pH
Titratable acidity was calculated through the titration

method using the O0.IN NaOH solution with a
phenolphthalein indicator. pH was measured with the digital
pH meter (WTW inoLab pH-720).

2.6.2. Viscosity
Brookfield DV-E viscometer was used to determine the

viscosity of yogurt at 5-6°C (Aryana and McGrew, 2007).

2.6.3. Total solids
Total solids in yogurt were measured by following the

AOAC (2000) method.

2.6.4. Syneresis and water holding capacity
Nafiseh et al. (2008) method was used to determine the

syneresis of yogurt during different storage periods.
Syneresis is the extraction/expulsion of the liquid from a gel.
For the estimation of syneresis, the amount of separated whey
was measured. After 30 minutes at room temperature, the
amount of whey collected was assumed to be an index of
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syneresis. Water holding capacity was determined by taking
10 g of yogurt sample and centrifuging it at 13000 rpm for 35
minutes (Spasenija et al., 2007).

2.6.5. Sensory analysis
A panel of 5 trained experienced food and dairy

technologists evaluated the sensory characteristics of yogurt
and assigned scores for texture, appearance, sensory acidity,
and flavor using 9-point hedonic scale.

2.7. Statistical analysis:
Complete Randomized Design (CRD) with a two-factor

factorial was used for statistical analysis, and the analysis of
variance technique was employed to estimate the level of
significance. Means were further compared using Tukey’s
honest significance test. (Sameen et al., 2016).

3. Results and Discussion

Starch extraction was performed using chemical and
non-chemical methods, resulting in polysaccharides that
were classified as ethanol-soluble (PS2) and ethanol-
insoluble (PS1). The yield of PS1 was higher than that of PS2,
measuring 19.5%. Upon complete analysis, the carbohydrate
content was 82% for PS1 and 87.4% for PS2. Similarly, the
soluble protein contents for both types were 3.5% for PS1 and
9.5% for PS2 (Table 2). These results indicate that the
ethanol-soluble starch (extracted with chemicals) exhibited
the highest yields of both carbohydrates and proteins. Our
results were in line with Hussein et al., (2011). The higher
yield of ethanol-soluble polysaccharides (PS2) may be due to
the chemical extraction process, which facilitates the
dissolution of certain components, enhancing the solubility
of carbohydrates and proteins in ethanol.

3.1. Physicochemical analysis of starch
The results of the physicochemical analysis of arvi starch

are presented in Table 3. The values for pH, water holding
capacity (WHC), swelling power, solubility, syneresis, ash

ranged from 5.6 to 5.7%, 82.45 to 83.40%, 12.0 to 12.2%,
4.30 to 4.40%, 28.4 to 29.0%, 0.12 to 0.14%, 10.0 to 10.5%,
0.5 to 0.6%, and 7452 to 7470 cp, respectively. These values
are consistent with the findings of Kumar and Belur (2018)
and Lovera et al. (2017). The results indicate no significant
differences in starch characteristics, regardless of whether the
extraction was performed with or without chemicals. This
suggests that the extraction method may not significantly
affect the fundamental physicochemical properties of arvi
starch. (Sameen et al., 2016).

3.2. Physicochemical analysis of yogurt
The results of the physicochemical analysis of yogurt are

depicted in Table 4. The pH of yogurt was decreased during
the 15 days of storage both in control and samples treated
with Arvi (taro) starch. During the storage, disaccharide
lactose sugar in milk was transferred to lactic acid and due to
this conversion, pH decreased. The results of our findings
regarding pH depicted that the control (plain yogurt Py)
treatment showed a maximum decrease in pH (4.43-3.75)
during storage and the Arvi starch-treated samples showed
minimum decrease in pH ranges from 4.59-4.15 for S;y;
(extraction without chemicals) and 4.62-4.15 Sy, (extraction
with chemicals). This showed that arvi starch-treated sample
could resist the pH reduction and made it acceptable even
after storage. Our results about the pH reduction during
storage are in line with the findings of Sameen ef al. (2016)
and Seelee ef al. (2009).

However, the acidity of the yogurt increased during
storage. The lactic acid bacteria convert the lactose sugar into
lactic acid due to which acidity increases. In the present
study, we found that plain yogurt (with no stabilizer) showed
the maximum change in acidity (0.80-3.27) while the control
(with 0.5% gelatin) and taro starch treatments (S;y; and S»y»)
had a minimum increase in acidity after storage. Their acidity
values were in the range of 0.65-1.35 for control, 0.75-1.50

Table 2. Carbohydrate and soluble protein contents of polysaccharides (PS) extracted from taro.

Plant Source Soluble Protein (%) Carbohydrate (%)
Colocasia esculenta PS1 PS2 PS1 PS2
(Ethanol insoluble) (Ethanol soluble) (Ethanol insoluble) (Ethanol soluble)
3.8+1.1 9.8+1.8 8242.7 87.3£2.2

PS1=Ethanol insoluble polysaccharides
PS2=Ethanol soluble polysaccharides

content, moisture content, protein content, and viscosity
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Table 3: Physicochemical analysis of starch extracted from arvi (Colocasia esculenta).

Physic-chemical analysis

Extraction with chemicals

Extraction without chemicals

pH 5.7+0.2 5.6+0.1

WHC (%) 82.45+1.2 83.40+1.5

Swelling Power 12.0£1.0 12.2+0.4

Solubility 4.30+0.3 4.40+0.5

Syneresis (%) 28.4+2.3 29.0+1.7

Ash content (%) 0.14+0.1 0.12+0.02

Moisture content (%) 9.9+1.3 10.0+0.8

Protein content (%) 0.6=0.01 0.5+0.05

Viscosity (cp) 7470£103 7452+89

WHC= water holding capacity
Table 4: Physicochemical analysis of yogurt during storage period

Treatments Storage (Days) pH Acidity (%) Total Solids (%)
0 4.72* 0.65 14.40¢

Gy 7 4.50¢ 1.00°f 14.40¢
15 4.25¢ 1.35¢ 14.42¢
0 4.43¢d 0.80f 12.50"

Py 7 4.028 2.23b 12.60¢"
15 3.75" 3.272 12.73¢
0 4.59b¢ 0.75% 13.70f

Siyi 7 4.28¢ 1.13f 13.98°
15 4.15¢ 1.50% 14.20¢
0 4.62° 0.75f 14.12¢%

Soy» 7 4.404 1.60°¢ 14.59°
15 4.15¢ 1.45% 14.75°

Gy= yogurt with 0.5% gelatin (control)
Py= Plain yogurt (no stabilizer)

Siy1= Arvi starch at 0.5% level (extraction without chemicals)

S,y2= Arvi starch at 0.5% level (extraction with chemicals)

for Siy;, and 0.75-1.45 for Syy,. Our findings are per
Krisnaningsih et al. (2017) and Andic et al. (2013) who
demonstrated that yogurt acidity increased during storage.

There was a significant difference in the total solids
during storage. The control treatment (Gy) exhibited non-
significant variation in total solids, ranging from 14.40 to
14.42 %. Additionally, there is a significant difference
(p<0.05) in total soluble solids across different treatments.
The total solid contents in S;y; and S,y, were 13.70 and 14.12
respectively, before storage and significantly increased after
storage i.e., 14.20 for Sy, and 14.75 for Syy>. Our findings
completely align with Sameen et al. (2016) who described
that the total solid ratio was slightly increased due to an
increase in syneresis. Both arvi starch and gelatin possess
good water-holding capacity. Their ability to bind water can
help maintain moisture levels, thus preventing a reduction in
total solids due to evaporation or syneresis.

Food and Nutrition Insights

3.2.1. Viscosity, syneresis, and water holding capacity of
yogurt

These properties of yogurt were affected significantly
(p<0.05) by using stabilizers such as gelatin and arvi starch
as well as during storage (Table 5). It is clear from Table 5
that the viscosity of all samples decreased from 1-7 days and
increased from 7-15 days. The rearrangement of protein and
protein-protein interaction was the main reason for increased
viscosity during storage. The concentration of protein and fat,
along with temperature, pH, and milk age, significantly
affects viscosity during storage. Our findings showed that the
control treatment (Gy) had the minimum decrease in
viscosity (2230-2185 ¢p) and S,y, had maximum decrease in
viscosity after 15 days of storage (2365-2170 cp). These
results are in line with Malik, (2012), Eissa ef al. (2011), and
Sameen ef al. (2016) who demonstrated that the viscosity of

Ali et al. | DECEMBER 2023 | VOLUME 01 | ISSUE 01

©PagePal. All Rights Reserved.



Starch from Arvi (Colocasia esculenta) Improve Yogurt Texture

Table 5. Analysis of viscosity, syneresis and water holding capacity of yogurt during storage

Treatments Storage (Days) Viscosity (cp) Syneresis (%) WHC (%)
0 2230° 1.80f 12.95¢
Gy 7 1980¢ 2.00f 11.50¢°f
15 2185° 2.12¢f 10.30°
0 1300¢ 3.25¢ 10.50f
Py 7 1035! 5.02° 8.60¢
15 1215" 6.50? 6.99"
0 1940¢ 2.10°f 29.30%
Siyi 7 1667° 2.704 27.40¢°
15 1800¢ 2.95% 25.30¢
0 2365° 2.00f 30.50*
Soya 7 2055¢ 2.12¢f 28.90b
15 2170° 2.51% 25.80¢
Gy= yogurt with 0.5% gelatin (control)
Py= Plain yogurt (no stabilizer)
Siyi= Arvi starch at 0.5% level (extraction without chemicals)
S,ya= Arvi starch at 0.5% level (extraction with chemicals)
Treatment (Slt)c:;sg)e Appearance Flavor Texture :::Z;l:bility
0 [—
Gy 7
15
Py 7
15
[—
Siyp 7
15
Siya 7
15
Sensory Score 5 6 7 8
Color Codes _

Figure 1: Effect of treatments and storage on organoleptic evaluation of yogurt

yogurt decreased during the storage due to an increase in
acidity. The viscosity of yogurt developed with taro starch
and gelatin decreases during storage primarily due to
syneresis, where liquid whey separates from the gel structure
and structural breakdown of the starch and gelatin network
caused by enzymatic activity and microbial action. These
factors lead to a loss of thickness and stability over time.
The syneresis in yogurt increased significantly (p<0.05)
after 15 days of storage (Table 5). The results of our findings
regarding syneresis of yogurt depicted that treatment Py had
a significant increase in syneresis while the control treatment
and arvi starch treatments showed minimum increase in

Ali et al. | DECEMBER 2023 | VOLUME 01 | ISSUE 01

syneresis. The syneresis amount in plain yogurt (Py)
increased from 3.25-6.50, 2.10-2.95 in S;y; and 2.0-2.51 in
S,y respectively. Our findings aligned with those of Hussein
et al. (2011) and Sakandar et al. (2014), who reported a
similar trend regarding syneresis. Syneresis in yogurt
developed with taro starch and gelatin increases during
storage due to the destabilization of the gel network, which
can occur from moisture loss, enzymatic activity, and
microbial growth. These factors lead to the separation of the
whey, resulting in increased liquid expulsion over time.
Water holding capacity of yogurt was decreased by
increasing the storage time (Table 5). It is clear from the table
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that water holding capacity of all samples decreased
significantly after 15 days of storage due to increased
syneresis. When lactose is converted to lactic acid, an
interaction occurs between casein and polysaccharides which
was the main cause of the reduction in WHC of yogurt during
storage (J.D. Hoyos-Leyva et al, 2018). Our findings
regarding the WHC depicted that the sample treated with arvi
starch had a maximum water holding capacity of 29.30-
25.30% for Siy: and 30.50-25.80% for S,y» which is much
higher as compared to control (Gy) and plain yogurt (Py).
These findings are like Sameen ef al. (2016) and Sakandar et
al. (2014) who demonstrated that acidity and syneresis
increased during storage due to which water holding capacity
decreased.

3.2.2 Sensory evaluation

As shown in Fig. 1, the incorporation of arvi starch in
yogurt had no significant effect on sensory characteristics.
Sensory scores of the yogurt decreased over the storage
period from day O to day 15, with overall acceptability
declining over time. The largest decrease in acceptability was
observed in plain yogurt, dropping from 6.00 to 4.00,
followed by Sy and S,y», which declined from 8.00 to 6.00
and 8.00 to 5.00, respectively. The control treatment (Gy)
showed the smallest decline, from 8.00 to 7.00. These
findings are consistent with Sameen et al. (2016) and Salwa
et al. (2004).

The sensory evaluation results show that the control
treatment (Gy) maintained the highest scores
appearance, flavor, and texture over 15 days, with minimal
decline. Plain yogurt (Py) showed the greatest decrease,
particularly in appearance (dropping from 7 to 4) and texture
(6 to 4). For the treatments with arvi starch (Sy; and Syy»),
sensory scores were more stable, especially for Siy;, which
retained higher scores across all attributes over time
compared to Syy,. This indicates that arvi starch may

acCross

contribute to maintaining sensory quality, with Siy;
performing slightly better than Sy,

4. Conclusion

The use of stabilizers greatly improves yogurt formation
by enhancing stability, viscosity, texture, mouthfeel, and
minimizing syneresis. Among the treatments, using 0.5% arvi
starch yielded optimal results, providing superior texture and
stability. This formulation also supports yogurt storage for up

Food and Nutrition Insights
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to 15 days at refrigerated temperatures, maintaining desirable
quality and sensory characteristics over time.
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