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ABSTRACT

Consumer interest in high-quality food is growing, especially in functional products. Milk and dairy products are high-nutrient
sources that are often enriched with additives to enhance their bioactivity. However, dairy products such as yogurt can be
prone to defects, including syneresis. The main components of yogurt, including protein (casein and whey), carbohydrates
(lactose), milk fat, calcium, and lactic acid, play a crucial role in the formation and stability of the gel structure. Processing fac-
tors, such as heat treatment, temperature, and duration of storage, also affect the physical stability of the product. Generally,
additives are used to maintain quality and sensory characteristics, but overconsumption of food with synthetic additives can
negatively affect health. Therefore, the use of natural ingredients needs to be developed. Purple sweet potato flour is a natural
ingredient that can serve as a stabilizer due to its high starch content. Starch has been widely used as a thickener, stabilizer,
and gel former. In addition to starch, purple sweet potato flour contains anthocyanins that can increase the added value of the
final product. This article aims to examine the potential use of the purple sweet potato as a nutrient-rich natural stabilizer.
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00630pHas cTaThsd
OTKPBITHIN JOCTYI

KJIFOYEBBIE CJ/IOBA: AHHOTALIUA

MOJI0uHble NPOOyKMbl,  VHTepec MoTpebuTesieil K BhICOKOKAUECTBEHHBIM MPOMYKTaM IMTAHMs, B 0COGEHHOCTM K (PYHKIMOHAIbHBIM, IIPOLOJIKAET

MyKa, HamypasHelll  Bo3pacTaTh. MOJIOKO ¥ MOJIOYHbIE TPOMYKTHI SIBJISIFOTCSI GOTaThIMM MCTOYHMKAMY TUTATENbHBIX BEIeCTB, KOTOPbIE YacTo

cmabuiuzamop, o6oraniaiT Jo6aBKaMy IS TOBBILIIEHNST UX OMONIOTMYECKOM aKTMBHOCTI. OHAKO MOJIOYHbIE TTPOAYKTHI, TAKME KaK HOTYpT,

6amam MOTYT GBITh MOABEPKEHbI BOSHMKHOBEHMIO TIOPOKOB, B TOM uuciIe cuHepesucy. OCHOBHbIE KOMITOHEHTbI orypTa, BKI0YAast
6€eJ10K (Ka3eMH ¥ CbIBOPOTOUHBIE OeJIKI), YIJIEBOMbI (JIAKTO3Y), MOJOUHBIN KD, KaJIbIINIA, ¥ MOJIOUHYIO KMCIOTY, UTPAIOT BasK-
HYI0 pOJib B (hOPMUPOBAHUM CTAOWIIBHOCTHU T'eJIeBOi CTPYKTYpbl. TexHomornueckme HakTopbl, TakKue KaK PeXMMbI TEIIOBO
06paboTKM, TEMITepaTypa 1 IMPOJOKUTENIbHOCTh XPAHEHNMS, TAK)KE BIMSIIOT Ha CTaGMIbHOCTD GM3MUYECKUX MTapaMeTpOB IpPo-
nykTa. Kak mpaBwio, IjIs1 COXpaHeHMs ToKas3aTesieil KauecTBa ¥ OPraHOJeNTUYEeCKUX CBOMCTB MCIOMb3YIOTCS H06aBKM, HO
ype3MepHoe yIoTped/ieHne MPOAYKTOB ¢ CMHTETUYECKMMU T06aBKaMy MOXKET HeraTMBHO IMOBJIMSITh Ha 3I0pOBbe. B CBsI3U
C 9TUM, HEOOXOAVIMBIM SIBJISIETCSI pacIiMpeHyie acCCOPTUMEHTA HATYPaIbHbIX MHIpenueHToB. Myka u3 duoneroBoro 6arara
SIBJISIETCS] HATYPaJIbHBIM MHTDEJUEHTOM, KOTOPBIi MOXET MCIOIb30BaThCsI B KAUeCTBe CTabmimm3aropa 6;1arogapsi BbICOKO-
My COZIep’KaHMIO KpaxMasa. Kpaxmast mmMpoKo UCIOMb3YeTCsl B KaUuecTBe 3aryCTUTeNsl, CTabuin3aropa u reneo6pa3oBaress.
IMoMuMo Kpaxmasa, MyKa 13 (p1oseToBOro 6aTaTa COIEePKUT aHTOLMAHbI, UTO ITO3BOIUT XapaKTePU30BaTh TOTOBbIN MPOJYKT
C ee cofiepskaHyeM, Kak MPOAYKT ¢ 06aBAeHHO 1M0Jb30i1. Llenb JaHHOI CTaThby — U3YYUTH MIePCIeKTUBBI TpUMeHeHs Hro-
JIETOBOTO 6aTaTa B KaUecTBe HaTypaJbHOro CTabUIM3aTopa.

1. Introduction

The development of the food industry today isn’t focused solely on
the taste and appearance of the product. Additionally, it offers functional
added value that can provide health benefits to consumers. Consumer in-
terest in high-quality food, especially in functional products, is increas-
ing. Promotions on food quality and healthy lifestyles attract consumers’
attention [1]. In general, functional foods can be produced from either
natural or processed ingredients. Regular consumption of functional
foods can provide health benefits [2,3].

The consumption of products with bioactive components is associated
with a reduced risk of diseases, such as tumors, obesity, and metabolic syn-
drome [1]. Bioactive compounds, including carotenoids, anthocyanins, and
phenolic compounds, can be found in sweet potato [3,4]. Purple sweet po-
tato (Ipomoea batatas) is a type of tuber that can contribute to health due
to its antioxidant, anti-obesity, hepatoprotective, antimicrobial, and other
properties. The sweet potato can provide food products with color and fla-
vor, while also increasing their nutritional value [5]. In 2018, purple sweet
potato production reached 2 million tons. Sweet potato prices are relatively
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higher, especially when processed into a product. Purple sweet potato has
good potential for wider use in the food industry [6].

Milk and dairy products are highly nutritious, providing protein and
energy [7]. Nutritionists consider dairy products to be beneficial for hu-
man health. This is due to their high nutritional value and digestibili-
ty [8]. The composition of dairy products such as yogurt and ice cream
can be modified and enriched with bioactive compounds [9]. Natural in-
gredients such as fruits and vegetables are often added. These additives
can affect the quality of the final product (e. g., sensory properties such as
taste, appearance, and aroma) [10,11,12]. The development of new food
products is essential to meet consumer needs [13].

Yuliana et al. [14] stated that dairy products such as yogurt with fruit
ingredients, for example, banana, are often prone to physical changes in
the form of syneresis. Syneresis in products can occur due to a decrease
in the ability to bind water during storage and transportation. The forma-
tion of sediment in beverages is a significant issue both in terms of quality
and cost, which can negatively impact consumer acceptance. The chemi-
cal composition of the ingredients influences turbidity and sedimentation.
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Therefore, preventive measures should be focused on the chemical char-
acteristics of each component [15]. The addition of stabilizers can prevent
the instability of food products. Stabilizers are added to improve texture,
mouthfeel, and appearance, and to reduce the risk of syneresis [8].

In general, food additives can be derived from natural or synthetic
raw materials and used to improve food quality and extend shelf-life [16].
However, excessive use of artificial ingredients can potentially cause
negative health effects, such as digestive disorders, allergies, and the risk
of developing certain chronic diseases. Therefore, the use of safe natu-
ral additives with functional properties represents an important direc-
tion for meeting nutritional needs and increasing consumer acceptance
of healthy beverages. This article aims to conduct a literature review of
works that discuss the potential use of purple sweet potato flour as a nat-
ural stabilizer to improve the functional aspects of dairy products.

2. Objects and methods

A literature search was conducted using Scopus, ResearchGate, Sci-
enceDirect, Springer, PubMed, and Google Scholar databases to ensure
the inclusion of peer-reviewed research papers. The following keywords
were used: dairy products, purple sweet potato flour, precipitation/syn-
eresis, stabilizer, starch, and potential of purple sweet potato. The inclu-
sion criteria focused on the issues related to the occurrence of syneresis
in dairy products, the use of purple sweet potato (Ipomoea batatas L.) as
a natural stabilizer, physicochemical properties, bioactive components,
experimental studies, reviews, and laboratory analysis results related to
physical stability (viscosity, syneresis, color, texture) in dairy products
with added purple sweet potato flour. For this review, papers published
no more than seven years ago were selected.

3. Milk and dairy products

Milk contains an animal protein that is important for meeting the nu-
tritional needs of people. The essential amino acids in milk are highly
digestible. Milk contains two main groups of nutrients, namely macro-
nutrients and micronutrients [17]. Macronutrients are components found
in large quantities in milk, including protein, fat, carbohydrates (primar-
ily lactose), and water. Micronutrients consist of approximately 8-9 g/L
of minerals, including Ca, P, Mg, Na, K, Fe, Se, and I. They also contain
vitamins, lipophilic (A, D, E, and K) and hydrophilic ones (B vitamins
and vitamin C), minerals, in various chemical forms, ions, organic salts,
bound to proteins, and nucleic acids. In addition to the main nutritional
composition of milk, there are various bioactive compounds, including
peptides, probiotic bacteria, antioxidants, vitamins, specific proteins,
oligosaccharides, organic acids, calcium with high absorption rates, con-
jugated linoleic acid, and other components, which can contribute to
health [7,18-20]. The content of macro and micronutrients in milk from
different animal species is presented in Tables 1 and 2.

The main minerals found in milk, such as Ca, Mg, K, Na, P, and Cl, are
present in the form of mineral complexes and free ions. Such factors as pH,
solids content, and temperature can affect the dynamic balance of these
components. Additionally, the balance of minerals and casein content also
has an impact. Soluble minerals in milk exist as free ions or bound to coun-
ter ions dispersed throughout the liquid phase. In contrast, insoluble miner-
als are mostly bound to casein micelles, such as calcium phosphate, which is
also found within micelles. Milk also contains non-protein substances such
as ions (Na*, K', Ca?*, Mg?") and anions (phosphate, citrate, and lactate). In
addition, there are also metal-ion complexes and calcium phosphate, which
are generally insoluble, as well as amino acids bound to proteins. These ions
interact with milk proteins, especially casein, through electrostatic forces
between the positive charge of the free ions and the phosphoserine groups
in the protein. However, these phosphoserine groups predominantly form
bonds with calcium phosphate in colloidal form. About 1/3 of the calcium,
2/3 of the magnesium, 1/2 of the inorganic phosphate, and almost all of the
citrate are present in the aqueous phase. At the same time, the remainder is
bound to phosphorylated casein residues as calcium phosphate [21].

The dairy industry also produces several valuable and reusable by-
products [22]. The nutritional composition of processed dairy products
is presented in Table 3.

Some manufacturers develop new beverages using ingredients with high
nutritional value, such as milk, grains, and yogurt, to obtain health ben-
efits [24]. Milk and dairy products, such as yogurt, are considered nutrient-
dense foods due to their content of protein, potassium, and other nutrients,
including phosphorus, zinc, and B vitamins. Intake of such products may
be associated with higher dietary quality [25]. The benefits of milk are well
known to the public, making this product easy to accept widely. However,
it should be noted that some commercial dairy products often contain ar-
tificial sweeteners. The purpose of incorporating additives into products is
to improve their flavor. This strategy can have adverse health effects [26].

Table 1. The content of macronutrients in milk from several
animal species [20]
Ta6nuua 1. CogepskaHue MaKpOHYTPUEHTOB B MOJIOKE HECKOIbKUX
BUJIOB JKMBOTHBIX [20]

. Animal species
Nutrient

Cow Goat Sheep

Proteins (g/L) 30-39 30-52 45-70
Fat (g/L) 33-54 30-72 50-90
Lactose (g/L) 44-56 32-50 41-59

Table 2. The content of micronutrients in milk from several
animal species [20]

Tabnuua 2. ComepkaHue MUKPOHYTPMEHTOB B MOJIOKE HECKOIBKMX
BUAOB JKMBOTHBIX [20]

Animal species

Nutrient Component
Cow Goat Sheep
Ca, mg/100 g 112-123 1330-197 159-242
P, mg/100 g 59-119 79-153 124-175
Mg, mg/100 g 7-12 14-36 16-25
. Na, mg/100 g 42-58 28-59.4 30-37
Mineral
K, mg/100 g 106-163 140-242 94-162
Fe, mg/100 g 0.03-0.1 0.05-0.3 0.08-0.1
Se, ug/100 g 1.7 1.1-1.7 1.7
I, pg/kg 66.82 591.06 243.16
Thiamine 28-90 40-68 28-80
Riboflavine 116-202 110-210 160-429
Niacine (B3) 0.13 0.24 0.41
Pyridoxine (B6) 30-70 7-48 27-80
. Folic acid (B9) 1-18 0.24-1 0.24-56
Vitamin
Cobalamin (B12) 0.27-0.7 0.06-0.07 0.30-0.71
Vitamin A 41 48 64
Vitamin D 0.08 0.25 0.18-1.18
Vitamin E 20-184 120
Vitamin K 1.1-3.2

Functional dairy products are prominent in the functional food seg-
ment of the market. Dairy products account for more than 40% of the
total and are mainly produced from fermented milk [27]. The production
of functional milks, such as yogurt, continues to increase due to their
benefits for gut and digestive health [28]. Yogurt can be classified based
on the type of additives used, fat content (fat-free, low-fat, normal), and
texture (liquid, solid, stirred) [29]. Yogurt texture is a sensory aspect that
significantly affects consumer acceptance. Poor gel firmness and syn-
eresis are two texture defects that can occur in yogurt. Efforts should be
made to prevent this [30].

4. Mechanism of syneresis in dairy products

Dairy products, such as yogurt, are prone to syneresis due to the fer-
mentation process. Syneresis is a defect in food production processes,
characterized by the separation of liquid from the surface of a gel. This
leads to a denser and less creamy texture of the product. Syneresis can re-
sult in a negative change in consumers’ taste sensations [31,32]. The sta-
bility of yogurt structure depends on the balance between attractive and
repulsive forces between protein molecules, particularly casein, which
form a gel network during the fermentation process [33]. The resistance
of yogurt gel to syneresis depends on its stiffness and water-holding ca-
pacity [34]. The main components of yogurt, including protein (casein and
whey), carbohydrates (lactose), milk fat, calcium, and lactic acid, play a
crucial role in forming the gel structure and its stability.

4.1. Proteins

Milk proteins include casein and whey proteins. They have different
structures and functions. Casein participates in the gel formation in dairy
products, while whey proteins are a soluble fraction that remains in the
liquid phase after casein coagulation. Both components complement each
other in forming the texture and stability of processed milk products and
cheese. There are several casein fractions, namely, § and k, which interact
with each other to form polymer complexes [20]. Casein is generally a
random coil that forms micelles, serving as the basis for the gel struc-
ture in milk. Casein is relatively resistant to thermal denaturation due
to the absence of a clear tertiary structure [35]. However, heat and acid
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Table 3. Nutritional composition of cow’s milk and dairy products (per 100 g edible portion) [23]
Tabmua 3. XMMuUIeckuii COCTaB KOPOBbEro MOJIOKA ¥ MOJIOYHBIX IIPOAYKTOB (B nmepecyere Ha 100 r mpoaykra) [23]

Semi-skimmed

Nutrient Whole milk Milk
Energy, Kcal 65.4/274 47.6/199
Proteins, g 3.1 3.5
Total lipids, g 3.8 1.6
Saturated fatty acids, g 2.3 1.1
Monounsaturated fatty acids, g 1.1 0.45
Polyunsaturated fatty acids, g 0.13 0.04
Cholesterol, g 14 6.3
Carbohydrates, g 4.7 4.8
Water, g 88.4 90.1
Calcium, mg 124 125
Iron, mg 0.09 0.09
Iodine, pg 9 8.6
Magnesium, mg 11.6 11.9
Zinc, mg 0.38 0.52
Sodium, mg 48 47
Potassium, mg 157 155
Phosphorus, mg 92 91
Selenium, pg 1.4 1.5
Thiamine, mg 0.04 0.04
Riboflavin, mg 0.19 0.19
Niacin equivalents, mg 0.73 0.71
Vitamin B6, mg 0.04 0.06
Folate, ug 5.5 2.7
Vitamin B12, ug 0.3 0.3
Vitamin C, mg 14 0.52
Vitamin A (retinol equivalents), ug 46 18.9
Vitamin D, pg 0.03 0.02
Vitamin E, mg 0.1 0.04

treatment alter the solubility of calcium phosphate salts and trigger the
redistribution of Ca®* from the micelles to the serum phase. This can dis-
rupt intermicellar associations and affect gelation and syneresis [36-38].

Based on available information, and -casein are involved in calcium
binding through electrostatic interactions with colloidal calcium phos-
phate (CCP). When the pH drops from around 6.7 to 4.6 (the isoelectric
point of casein), casein micelles lose their negative charge, so that the
electrostatic repulsion between micelles weakens and they begin to ag-
gregate to form a three-dimensional network (gel). Meanwhile, k-casein
forms “brushes” on the surface of the micelles that provide steric and
electrostatic stabilization that prevents micelle aggregation at normal
pH (~6.7) [18,30,39].

Acid gelation of milk proteins begins when colloidal calcium phos-
phate (CCP) starts to dissolve. This process begins when the pH decreases
from 6.7 to 6.0 and continues until it reaches a pH value of 4.6 or lower.
At this point, casein micelles become unstable because the calcium-phos-
phate bonds between submicelles break down leading to protein coagu-
lation as a result of hydrophobic interactions. In addition, gelation also
involves changes in the primary structure of protein and the formation
of a three-dimensional network through aggregation. Aggregation oc-
curs through the binding of protein chains via covalent or non-covalent
bonds. The strength of these bonds plays a vital role in the quality and
stability of acid gels [40,41].

Whey proteins include several fractions, among which is the most
common (comprising about 50 % of total protein). It is followed by, serum
albumin, proteose-peptone, immunoglobulins, and metalloproteins such
as lactoferrin, transferrin, or ceruloplasmin. Whey also contains enzymes
such as lipase, protease, and phosphatase. Whey proteins are globular,
spherical in shape, tightly folded, and completely soluble in milk. One of
the most important functional properties of whey proteins is their ability
to form a gel. Gelation occurs when whey protein undergoes denaturation
due to heating or changes in pH, allowing the protein molecules to create
a strong three-dimensional network structure [23,42,43].

Extensive research has shown that the denaturation of milk proteins
affects gel formation and syneresis [44]. Heating, drying, or packaging
under heating conditions can cause protein denaturation, which can

Skim milk Wh(;}g grllla:";ural Wh;(:;u grrteek Skimr‘l;:;u 1;:1tural
37/155 61.4/257 95 44.9/188
3.9 4 8.78 4.3
0.2 2.6 4.39 0.32
0.09 1.5 2.39 0.11
0.06 0.72 0.96 0.15

0.01 0.13 0.11 0
2.6 10.2 17 1
4.9 5.5 4.75 6.3
91 87.9 81.3 89.1
121 142 111 140

0.09 0.09 <0.10 0.09
11.1 3.7 42.3 5.3

28.6 14.3 10.7 13.7

0.54 0.59 0.47 0.44
53 80 34 57
150 280 147 187
97 170 126 109
1.6 2 N.D 1

0.04 0.04 0.06 0.04

0.17 0.18 0.24 0.19
0.9 0.44 0.23 1.2

0.04 0.05 0.04 0.08
5.3 3.7 N.D 4.7
0.3 0.2 N.D 0.4
1.7 0.7 N.D 1.6

Traces 9.8 38 0.8
Traces 0.06 <0.01 0
Traces 0.05 N.D Traces

potentially affect gel-forming properties. Denaturation of globular pro-
teins results in the unfolding of the protein structure and exposure of
previously hidden amino acid residues. In their native state, hydrophobic
residues of globular proteins are located inside the molecule to avoid wa-
ter. Denaturation results in the exposure of these hydrophobic residues,
leading to the intermolecular hydrophobic interactions and subsequent
aggregation [45].

Protein aggregation occurs through the formation of intermolecular
cross-links, both covalent and non-covalent. During processing, inter-
molecular interactions may induce an ordered alignment of protein mol-
ecules, forming a fibrillar network similar to the structure of fibers [46].
During cross-flow filtration, the protein aggregates that form can accu-
mulate and deposit on the membrane surface, creating a fouling layer.
Uncontrolled aggregation can cause protein precipitation from the solu-
tion, while controlled interactions can affect gel formation, often reduc-
ing syneresis [45].

Heating milk above 70°C causes thermal denaturation of proteins,
particularly the disulfide bonds between (k-CN), and (3-Lg), or the polym-
erization of whey proteins [44]. During the heating of milk, the tertiary
structure of globular whey proteins breaks down, and free thiol groups
are exposed. As a result, the thiol (-SH)/disulfide (SS) exchange reaction
is triggered during the acidification of heated milk. These covalent bonds
contribute to the strength of the yogurt gel [47]. At a temperature of
74°C, remains in the micelles rather than dissolving and migrating into
the milk serum, as it does under non-heated conditions. Heat treatment
of milk causes aggregation of whey proteins and casein, resulting in the
formation of a dense structure on the surface of casein micelles. This ag-
gregation physically “blocks” or traps casein molecules, preventing their
release into the serum phase [48].

4.2. Carbohydrates (lactose)

Lactose is the primary carbohydrate in milk, accounting for approxi-
mately 98% of the total carbohydrate content. At the same time, the
remainder consists of small amounts of free glucose and galactose that
are not bound within the lactose structure. In addition, the carbohydrate
fraction of milk also contains other sugars in small amounts (less than
100 mg/L), as well as complex components such as glycoproteins and

557



Juliana A. et al. | FOOD SYSTEMS | Volume 8 No 4 | 2025 | pp. 555-565

glycolipids [23,42]. Derivatives of lactose transformation, such as lactu-
lose, lactitol, and lactobionic acid, are not found naturally in fresh milk.
However, when lactose is heated at moderate temperatures, isomeriza-
tion to lactulose (4-O-B-d-galactopyranosyl-d-fructofuranose) can oc-
cur through the Lobry de Bruyn-Alberda van Ekenstein reaction, which
proceeds via the formation of the 1,2-enediol intermediate. As a result,
the concentration of lactulose will increase according to the level of heat
treatment. Increased levels of lactulose have the potential to be used as a
quality indicator in milk processing [49].

The transformation of lactose to lactic acid during fermentation
causes a decrease in pH (increased acidity) in milk. This change increases
the polarity of the liquid phase and affects the solubility of mineral salts,
including colloidal calcium phosphate (CCP) bound to casein micelles.
During heating or fermentation, the decrease in pH causes the dissocia-
tion of CCP, releasing calcium (Ca?*) and phosphate ions into the serum
phase (liquid). The released (Ca?*) blocks the ionic bonds that maintain
the structure of casein micelles, thus affecting the stability of colloidal
micelles. As a result, protein interactions become unstable and contribute
to the formation of a gel network during subsequent fermentation, espe-
cially when the isoelectric point of casein is reached (around pH 4.6) [20].

Lactose can bind water and form non-covalent interactions with pro-
teins, such as hydrogen bonds and van der Waals forces. These bonds can
increase the viscosity of the serum phase and contribute to the forma-
tion of a smooth and stable gel structure. However, excessive heating and
uneven carbohydrate distribution can disrupt the ionic balance. Protein-
carbohydrate interactions become unstable, resulting in syneresis and
the formation of insoluble complex precipitates [42,50]. Thus, the role of
lactose in gel formation and stability is highly dependent on the balance
of its interactions with proteins and calcium ions, as well as on its con-
centration and distribution in the system. This imbalance in the interac-
tions not only affects gel structure but also has the potential to increase
syneresis in fermented dairy products.

4.3. Fat

Milk fat is an essential nutrient-rich component [51]. More than
400 types of fatty acids have been identified, but most of them are pres-
ent in very small proportions, namely, less than 1% [23]. Milk fat is a
complex nutrient consisting mainly of hydrolyzable lipids (99 %), plus a
small amount of non-hydrolyzable lipids (1 %). These lipids form spheri-
cal microglobules that are emulsified in the liquid phase of milk. This
condition enables digestive enzymes to act on the fat globules, breaking
them down or hydrolyzing them [52].

The casein network retains fat globules during the gel formation pro-
cess. Milk proteins naturally adhere to the surface of the fat globules, and
this interaction is crucial for the formation of the yogurt gel structure.
The remaining water-soluble fraction, known as serum, consists of water,
lactose, minerals, and unbound whey proteins dispersed in it. The pres-
ence of fat has a significant impact on the strength of yogurt gels. A high-
er fat content results in stronger gels and higher storage modulus (G’)
values. Conversely, fat separation weakens the gel structure [53]. To re-
duce the size of fat globules and prevent fat separation, homogenization
can be performed at pressures of 15-20 MPa and temperatures of around
65-70°C, either through single-stage homogenization or two-stage ho-
mogenization at pressures of 10-20 and 5 MPa. After heat treatment, the
homogenization promotes denatured whey proteins to cover the surface
of the casein micelles and integrate into the fat membrane, thereby in-
creasing the firmness of the final product [30,53].

4.4. Calcium

Calcium is a significant mineral that not only serves as a nutrient but
also maintains stability and forms the structure of casein micelles. Ap-
proximately 65-70% of calcium in milk is bound in colloidal form (col-
loidal calcium phosphate) within casein micelles. At the same time, the
rest is insoluble (ionic Ca¥', CaHPOy4, and Ca citrate) in the milk serum
phase. In the aqueous phase, calcium (Ca) is present in free form associ-
ated with citrate, inorganic phosphate, and whey proteins. Approximately
two-thirds of the total calcium is bound to casein in the form of micelles
or calcium phosphocaseinate, which is associated with organic phos-
phates of phosphoseryl residues on the casein molecule [54]. Both are
in dynamic equilibrium. Several factors, including temperature, pH, and
ionic strength, can influence these molecules. Ca is thermodynamically
balanced between the aqueous and micellar phases, depending on the
chemical conditions [20]. The dissolution of colloidal calcium phosphate
(CCP) during acidification increases serum calcium, thereby facilitating
casein aggregation and the development of a gel network in yoghurt. This
process also disrupts the internal structural properties of casein micelles
as the pH decreases [41,55].

During the process of heating milk, some of the calcium that was ini-
tially soluble may become insoluble. In milk, calcium exists in two primary
forms: the serum phase (the liquid phase) and the colloidal phase. In the
serum phase, calcium is present as calcium ions (Caz+), calcium citrate, or
calcium phosphate [44]. During heating, the solubility of calcium phos-
phate decreases, causing some calcium from the serum phase to transfer
to the colloidal phase and form colloidal calcium phosphate. As a result,
the levels of calcium and phosphate dissolved in the serum decrease, while
the level of calcium phosphate in the colloidal phase increases. If heating
is carried out at a moderate temperature, then after cooling, most of the
transferred calcium can redissolve into the serum phase. However, when
heated at high temperatures, this recovery is incomplete, resulting in an
irreversible change in the calcium balance in milk [56]. From a health per-
spective, calcium plays a crucial role in the growth and development of
children’s bones, as well as in preventing osteoporosis in older individu-
als. Furthermore, adequate calcium intake can help reduce cholesterol ab-
sorption, control blood pressure, and maintain a healthy weight.

4.5. Lactic acid

Groups of microorganisms, such as lactic acid bacteria (LAB), have
been widely used to produce fermented drinks, including yogurt as a pro-
cessed milk product. Their probiotic, physiological, and survival qualities
contribute to improving the nutritional value and sensory properties of
the product. Compounds produced by LAB also play a role in inhibiting
spoilage microorganisms [57]. During fermentation, lactic acid bacteria
(LAB) convert lactose into lactic acid. The fermentation process causes
physical changes, including changes in nutritional composition and the
production of secondary metabolites. Decreasing the pH of milk from
around 6.7 to €4.6 causes an acidification process that triggers protein
coagulation and gel formation. Casein begins to lose its stability at pH
5.3-5.2, then precipitates and denatures when the pH reaches 4.7-4.6.
To stop fermentation and prevent further acidification, yogurt must be im-
mediately cooled to a temperature of <5 °C when the pH reaches ~4.6. En-
zyme and microbial activity can cause the breakdown of components such
as water, fat, protein, and other minor compounds or metabolites [57,58].

There are several methods to minimize syneresis in yogurt. The ingre-
dients, such as milk powder, whey protein, casein, and gelatin, are often
added for this purpose. Among all these additives, casein and gelatin are
the most effective in preventing syneresis [30]. Additionally, yogurt pro-
cessing stages, including homogenization, fermentation, storage dura-
tion, and cooling, also affect the final product.

5. Stabilizers

Stabilizers are essential food additives. They are usually added to dairy
products to improve viscosity and sensory properties, slow down whey
separation, and increase the total solids content. The addition of stabiliz-
ers can improve food’s functional properties but also impact food’s physi-
cal, chemical, and sensory properties. Some sources of stabilizers, such as
carboxyl methyl cellulose, are synthetic. There is an increasing consumer
demand for Halal and natural stabilizers [59].

6. Synthetic stabilizers

In the beverage industry, the quality and shelf life of products are
significant challenges. Some consumers are willing to pay more for food
with good sensory qualities [60]. To maintain the physical and sensory
characteristics of beverages, synthetic additives are often used as addi-
tional ingredients [61]. The role of synthetic additives is to stabilize and
preserve the taste, aroma, texture, and color of products, as well as to
extend their shelf life.

There are several types of additives, but in general, they can be di-
vided into four groups based on the method of production and origin.
There are natural additives derived from plants and animals; synthetic
additives designed to mimic the properties and functions of natural addi-
tives; natural additives modified with chemicals, and artificial synthetic
additives [62].

Synthetic additives are widely used in the food industry to maintain
and improve the quality of beverages. Despite their useful functions, ex-
cessive consumption of synthetic additives can negatively influence con-
sumers’ health. Although the use of synthetic additives is highly effective,
there are studies showing that they can cause mutations and carcinoge-
nicity in humans [63]. Baran et al. [64] stated that the use of synthetic
stabilizers in mice was associated with effects such as obesity, impaired
glycemic control, low-grade uric acid inflammation, and colon carcino-
genesis. Such risks mainly arise when these substances are consumed
at levels exceeding the threshold values set by food regulatory agencies.
Therefore, controlling the amount and type of additives used is crucial to
ensuring consumer safety and health.
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7. The natural stabilizer derived from purple sweet potato

flour (Ipomoea batatas L)

The sweet potato is a type of tuber that can grow in tropical and sub-
tropical climates, demonstrating high adaptability [65]. The purple sweet
potato sold on the market is widely used for fresh consumption and as an
ingredient in processed foods [18]. The nutritional and functional values
of fresh purple sweet potato are shown in Table 4.

Table 4. Nutrient content in 100 g purple sweet potato [66]

Ta6nuia 4. CopepskaHue nuTaTeabHbIX BemecTB B 100 r ¢dmoneroBoro
Garara [66]

Category Nutrient Content
Calorie, kcal 86
Carbohydrate, g 20.12
Protein, g 1.57
Nutritional and calorie Fat, g 0.05
Vitamin A, SI
Vitamin C, mg 2.40
Ca, mg 30
Carbohydrate 12.64
Reducing sugar, % 0.30
Fat, % 0.94
Protein, % 0.77
Compounds Water, % 70.46
Ash, % 0.84
Fiber, % 3.00
Vit. C, mg 21.43
Anthocyanin, mg 110.51

Beta carotene, mg -

The purple sweet potato is highly susceptible to oxidation and dis-
colouration during processing, distribution, and storage. Drying is one
of the processes used to stabilize bioactive compounds in it [67]. To ex-
tend shelf life, the purple sweet potato can be processed into flour. Purple
sweet potato flour has several advantages, including its us as a substitute
for other flours, greater storage stability, and availability of raw materi-
als regardless of the harvest season. Additionally, this flour can be eas-
ily modified to maintain its bioactive properties, thereby enhancing the
functional value of the product [68]. Purple sweet potato flour can also be
used as an additive in various food products such as baby food, pasta, and
fried foods [5]. In the food industry, flour serves as the primary thicken-
ing agent in sauces, soups, snacks, and bakery products [69]. Factors that
influence the quality of processed products are physicochemical proper-
ties such as water absorption, solubility, and viscoelasticity. Several stud-
ies have shown that the water absorption index of sweet potato starch is

similar to that of commercial wheat flour. The physicochemical charac-
teristics of purple sweet potato starch are presented in Table 5.

7.1. Starch

Starch is the main component in the purple sweet potato [70]. In devel-
oped countries, the sweet potato (Ipomoea batatas) is the primary source
of starch production [59]. Starch consists of two parts, namely digestible
and indigestible starch (resistant starch). Resistant starch is not broken
down in the small intestine but can be fermented in the large intestine
in small amounts or completely. Although not digested, these starches
provide health benefits, including reducing the risk of cancer and colon
cancer, preventing the formation of gallstones, controlling hypoglycemia,
and promoting the absorption of minerals in the body [18].

Starch has been widely used as a thickener, stabilizer, and gelling
agent in various applications. Its high water holding capacity enhances
strong interactions with milk proteins [71]. The starch used in yogurt
production reduces defects, including surface-related ones, and improves
texture [59]. Additionally, starch can improve flavor. Corn starch has long
been used as a thickener and as a fat replacer in yogurt. Recently, oth-
er types of starch, such as kudzu starch, tapioca starch, water chestnut
starch, and potato starch, have also been used [30].

Physical and chemical modifications are often carried out to improve
the functional properties of natural sweet potato starch. A commonly used
method is gelatinization [72,73]. Starch mixed in the solution requires
heating for its gelatinization or expansion of its properties. Heat treatment
aims to achieve a gel state with the consistency of a thick solution [74].
This process can increase water absorption and granule swelling [75]. It has
been shown that gelatinized starch can improve food products’ stability,
texture, and hydration characteristics [76]. Heating food products to high
temperatures in order to form gels, may limit their use in certain types of
food, as this process may alter the properties of the products [74].

7.2. Fiber

In addition to meeting your fiber needs, dietary fiber has functional
and nutritional benefits. Fiber can be soluble and insoluble. Soluble fi-
ber can increase viscosity, form gels, reduce glycemic response, and lower
cholesterol levels. In contrast, insoluble fiber, increase fecal volume and
intestinal transit. The nutritional properties of fiber can affect physico-
chemical characteristics of products, such as water-holding capacity, vis-
cosity, interaction with other molecules, and fermentation [77]. In dairy
products, especially probiotic products, fiber is widely used as a multi-
functional additive. The stabilizing effect of fiber can change with differ-
ent formulations in dairy products such as ice cream and beverages [78].
Fiber can bind water, slowing down its free flow in the gel structure. This
process leads to water binding and a decrease in syneresis [14].

7.3. Anthocyanins

Purple sweet potato flour is rich in anthocyanins. Anthocyanins are
natural colorants with various bioactive properties. Anthocyanins’ mol-
ecules provide purple sweet potato flour with color and, antioxidant

Table 5. Physicochemical characteristics of purple sweet potato starch [66]
Tabimuua 5. PU3UKO-XMMMUYECKNe CBOMCTBa Kpaxmasa u3 ¢uoneroBoro 6arara [66]

Characteristics

Physico-chemical characteristics of starch

Amylographic characteristics of starch

Amilose and amilopektin content

Unit Content
Moisture content, % 5.84
Protein, % 3.21
Starch, % 64.63
Bulk density, mg/1 0.43
Anthocyanin content 19.75
Water absorption index, ml/g 1.69
Water solubility index, g/ml 17.36
Hot viscosity, cp —
Cold viscosity, cp 7.84
The beginning temperature of gelatinization/SAG, °C 75.75
Maximum viscosity, cp 5523
Temperature of maximum viscosity, °C —
Viscosity at temperature 95 °C 4332
Breakdown viscosity, cp 3049
The viscosity of cooling at a temperature of 50 °C, cp 3493
Setback, cp 1244
Stability of pasta, cp -
Amylose content, % 43.78%0.56
Amylopectin content, % 44.24+4.71
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properties [79,80]. From a sensory point of view, anthocyanins in the
purple sweet potato are considered safer than synthetic colorants, so con-
sumers prefer them. Anthocyanins can also act as natural water-soluble
colorants. Anthocyanins can produce attractive colors for food, such as
blue, red, and purple. The extraction of anthocyanins from purple sweet
potato flour offers a natural alternative, a simple extraction process, and
lower cost efficiency [67].

Anthocyanins in the purple sweet potato are more stable to heat and
UV light exposure than other fruits and vegetables, such as strawberries,
apples, and cabbage, due to their high degree of acetylation. Anthocyanins
from the purple sweet potato have greater resistance to gastrointestinal
conditions compared to less complex anthocyanins, such as those found in
red wine. Therefore, these beneficial characteristics highlight the potential
use of the purple sweet potato as a source of natural food ingredients [81].

7.4. Flavonoids

Many studies have attempted to replace synthetic additives contain-
ing antioxidants with natural ingredients. Polyphenols and flavonoids are
secondary metabolites in plants that have many benefits [63]. Flavonoids
can be found in the purple sweet potato, containing anthocyanin com-
pounds and glucose-bound quercetin (glycosides) [57]. These compounds
are antioxidants capable of scavenging free radicals. In addition, they
provide hydrogen atoms, electrons, and chelate metal cations. Flavo-
noids act as antioxidants by transferring hydrogen atoms to free radicals.
Therefore, the higher the flavonoid content, the greater the antioxidant
capacity to transfer hydrogen. Based on in vitro research, flavonoids in
plants have antioxidants that exhibit antioxidant activity comparable to
that of synthetic antioxidants. However, this requires commercial meth-
ods and developments [63].

Purple sweet potato flour is a valuable ingredient in food processing
and demonstrates the potential of this plant for broader applications. Its
functional properties, such as water absorption, can impact the texture
of final products. The use of purple sweet potato flour can also prevent
losses and can be used in the production of various food ingredients.
In addition, it also serves as a source of energy and minerals, providing
products with a sweet taste and attractive color. The nutritional-value of
purple sweet potato flour plays a vital role in the development of various
food formulations [65].

8. The production process of flour from the purple sweet potato
We can see the production process of flour from the purple sweet po-
tato in Figure 1.

Purple sweet potato

v

Sorted with uniform shape, color, size

v

Washed
v
Peeled and cut to a thickness of 2 mm

v

Dried at 55°C for 18 hours

v

Grinded
v

filtered

v
Packed in plastic bags (Polyethylene)

v

Stored at 10°C

Figure 1. Schematic diagram of flour production from the purple
sweet potato [82]
Pucynok 1. Ilpouecc nponsBoacTBa Myku u3 ¢uosnerosoro 6arara [82]

Before adding purple sweet potato flour to dairy products, it should
be heated at a high temperature until gelatinization occurs. The gela-
tinization process is expected to result in water binding and reduced
syneresis in dairy products. This process is an essential step in breaking
down the starch structure. The starch granules absorb water during this
process, which initiates the swelling phase. Heating accelerates the swell-
ing of starch granules and breaks their structure, accelerating gelatiniza-
tion [75]. The stages of processing purple sweet potato flour before starch
gelatinization can be seen in Figure 2.

50g dry starch dispersed in
30% w/v distilled water

Mixed with Na,HPO, buffer (0.2 mol/L) with a pH of 4.5-5.0.

v

Gelatinized in a water bath

v

[ Stirred to 80°C for 15 minutes ]

‘

[ Cooled to room temperature ]

Figure 2. Schematic diagram of starch gelatinization [83]
PucyHok 2. Ctaaum Kiaeyictepusanyuy Kpaxmasa [83]

Physical treatment of starch is widely used, one type of which is a
heat treatment with limited water content. Moist-heat treatment is a
hydrothermal method of physical modification, in which starch is heat-
ed at a temperature exceeding its gelatinization point (approximately
80-120°C) with a limited water content of 10-35 % for 15 minutes to 16
hours. This technique is environmentally friendly, safe, and cost-effective
for improving starch characteristics. Several studies have reported that
an increase in temperature leads to an increase in the swelling capac-
ity of starch. Starch granules heated at the initial temperature will swell
due to weak hydrogen bonds in the amorphous region. This is caused by
stronger interactions between starch polymer chains, including amylose-
amylopectin, amylopectin-amylopectin, and interactions between starch
and lipids. This also indicates an increased water-binding capacity in
starch granules [65,84]. The application of purple sweet potato flour in
dairy products is illustrated in Table 6.

9. Factors causing syneresis

The main components of the purple sweet potato, including starch,
fiber, and anthocyanins, can impact the level of syneresis in dairy-based
products. Mechanisms that contribute to syneresis include the concen-
tration of additives (such as starch and fiber), changes in acidity (pH), and
the protein and fat content in the system. In addition, heat treatment,
storage temperature, and storage duration also play an essential role in
determining the physical stability of the product [87,91].

9.1. Quantity of ingredients

In general, syneresis in yogurt can be reduced by adding approximately
14.% (w/w) total solids to the product [92]. Increasing the total solids and
protein content can strengthen the gel structure and increase the gel’s
water-holding capacity [53]. The addition of purple sweet potato flour can
improve consistency, viscosity, and taste because the fiber/solids content
can bind water in yogurt [81]. The concentration of flour added must be
considered. Adding too much flour can make the product overly thick,
create a heavy mouthfeel, and produce a distinct aftertaste reminiscent of
potatoes or other tubers. Conversely, if the flour concentration is too low,
the stabilizer will be ineffective, and syneresis will still occur [30,81,89].

The addition of purple sweet potato flour can increase water-binding
capacity due to its content of cellulose, lignin, pectin, hemicellulose, and
fiber, among other compounds. The amount of fiber can reduce the pore
size in the gel matrix, thereby retaining water [87]. Klling et al. [87], as
presented in Table 6, compared the effect of adding freeze-dried sweet
potatoes on the nutritional quality of yogurt sets. The results showed that
adding 2 % purple sweet potato flour was more beneficial because it con-
tained higher levels of cellulose, lignin, pectin, and hemicellulose than
orange sweet potato flour.
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Dairy Products
Ambon banana yogurt

Ice cream

Greek yogurt

Stirred yogurt

Set yogurt

Goat milk yogurt with the
addition of pineapple and
purple sweet potato

Yogurt

Non-fat set yogurt

Ice cream
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Table 6. Application of purple sweet potato flour
Ta6nuia 6. [IpumeHenne @puonerosoro 6arara

Result

The addition of 2% purple sweet potato flour to Ambon banana yogurt ensures the best quality. Purple sweet
potato flour has the potential to be a stabilizer for yogurt production.

Adding purple sweet potato flour affected the water and anthocyanin content but didn’t change the antioxidant
activity of the ice cream. A ratio of water to purple sweet potato flour of 2:8 was optimal for high water content,
standard overrun, anthocyanin content, and antioxidant activity.

Fortification with purple sweet potato flour reduces syneresis, increases water retention capacity, inhibits post-
acidification processes, increases viscosity, elasticity, and hardness, and improves color stability during storage.
Adding 4 % sweet potato flour makes the yogurt firmer and more elastic. These results indicate that purple sweet
potato flour is a multifunctional natural ingredient.

Purple sweet potato flour can provide different colors, increase water retention capacity, and reduce water activity.
In general, the addition of purple sweet potato flour improves the microstructure of yogurt, and the addition of
4% and 6 % of it makes the yogurt denser and softer. These results indicate that purple sweet potato flour can be
used in the food industry to enhance functionality and serve as a natural coloring agent, stabilizer, emulsifier, and
thickener in dairy products.

The addition of 2 % purple sweet potato to yogurt resulted in a dry matter content of 8.45 %, water holding capacity
of 50.90 %, total phenolics reaching 2.64 mg GAE/g, and DPPH radical scavenging activity of 112.97 %. The yogurt
contained the highest mineral content of potassium (2,765,987.42 ppb), followed by sodium (250,078.00 ppb) and
magnesium (203,691.47 ppb). The texture of the yogurt also improved with the addition of 2 % purple sweet potato.
It was characterized by the highest firmness value of 229.07 g, consistency of 2,690.00 g, cohesiveness of -81.70 g,
and viscosity index of -290.54 g. The addition of sweet potato to the yogurt samples had a significant impact on
the pH, which can affect the final quality of the product.

Water binding capacity, solubility, and viscosity reached 10.73 %, 3.08 %, 90 %, and 352.93 %, respectively, along
with a decrease in syneresis by 15.73% compared to goat milk yogurt without the addition of fruit and sweet
potato.

The sensory evaluation of the sample with 2% flour scored highly. The fat content of each sample was similar.
Physicochemical parameters and water holding capacity (WHC%) showed significant differences. Scanning
Electron Micrograph (SEM) results of yogurt enriched with purple sweet potato flour showed a denser structure,
with lumps of flour that appeared to be attached to the gel matrix. The results obtained in this study show that
the sweet potato can contribute to the production of cohesive and dense yogurt and can be used as a substitute for
industrial stabilizers.

The addition of 1% starch reduced syneresis and increased the firmness of yogurt. Differences in amylose content
in starch led to variations in yogurt quality. Yogurt had higher viscosity with the addition of corn and tuber starch.
Long storage time can change the characteristics of yogurt, leading to syneresis (wheying-off). However, the pH
didn’t change. Sensory properties were different in the yogurt with added starch and the control sample. The
results showed that yogurt with the addition of tuber or chickpea starch was the most promising.

Steaming was used to retain anthocyanins in the sweet potato. The results showed that in terms of sensory
properties (aroma, taste, texture, and color), it was accepted by 26 panelists.
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9.2. pH and acidity

Probiotic dairy products, such as young yogurt, experience a gradual
decrease in pH during the fermentation process. Technological aspects,
including pH and acidity, during yogurt processing are essential param-
eters for assessing product quality. Increased milk acidity can cause ca-
sein instability when the pH drops below the isoelectric point, resulting
in syneresis [93]. Dairy products will curdle and form a three-dimensional
protein network in which whey is trapped [94].

Purple sweet potato flour has a significant impact on the pH of dairy
products. Increasing the amount of sweet potato flour causes a decrease
in pH [8,95]. As shown by Kilinc et al. [87] as presented in Table 6, acidity
also plays a role in forming structure and syneresis. At a pH of 4.0-4.6, the
viscosity of the product increases and syneresis decreases, while at high
acidity levels, below pH< 4.6, the water-binding capacity is very weak. The
addition of purple sweet potato flour to dairy products reduces the pH
of yogurt due to compounds in its structure, which causes a decrease in
syneresis and an increase in water-holding capacity (WHC).

The starch contained in purple sweet potato flour is thought to increase
the availability of carbon source nutrients for lactic acid bacteria (LAB).
The increase in acidity in yogurt is caused by the conversion of lactose to
lactic acid, which occurs more quickly due to higher LAB proliferation and
viability [14]. Additionally, the increase in viscosity and water-holding ca-
pacity (WHC) of starch in purple sweet potato flour can reduce osmotic
stress and help maintain a medium moisture level. This results in a more
stable fermentation environment for LAB growth [8]. Phenolic compounds
in purple sweet potato flour have antimicrobial activity, damaging the pro-
tective layer of cells and disrupting the functioning of microbial enzymes.
Proper formulation can support the growth of probiotic LAB [81,87].

9.3. Protein and fat content

In general, the denaturation of milk proteins, particularly B-lacto-
globulin and o-lactalbumin, is a crucial step in the yoghurt-making
process. However, denaturation can disrupt the protein gel structure,
triggering syneresis. The addition of stabilising agents such as starch in-
creases the hydrophilic properties of proteins, thereby enhancing their
ability to bind water [14]. Purple sweet potato flour offers a combination
of starch, fibre, and anthocyanins that serve as both thickening and sta-
bilising agents in protein systems, thereby increasing the viscosity and

water retention of products [96]. Modified purple sweet potato particles
can form Pickering stabilisers at the oil-water interface. This can reduce
coalescence and improve the stability of protein-based emulsions during
heat treatment and freeze-thaw [37]. Non-covalent interactions between
purple sweet potato anthocyanins and proteins can enhance colour sta-
bility and influence the protein network structure, ultimately affecting
the final texture of the product [81].

The composition and properties of fat have a significant impact on
food structure and the perception of fat texture. High fat content can
affect yogurt quality, including increased viscosity, density, a creamy
texture, elasticity, and hardness. Reducing the fat content in dairy prod-
ucts can compromise texture, which in turn affects taste and aroma. Fat
is essential for taste perception because flavour compounds in food are
soluble in fat. Therefore, the amount of fat in a product is crucial for the
final quality of the product [18]. Fat substitutes, such as modified starch
or inulin, can alter rheological properties by mimicking the function of
fat globules or affecting water-binding capacity. Homogenization alters
the size and distribution of fat globules, resulting in changes in viscosity,
texture, and stability [53]. Purple sweet potato flour has a low-fat con-
tent. According to El Attar et al. [8] (Table 6), the addition of sweet potato
flour (control, 0.5, 1, 2, and 4 g/100 g milk) resulted in a fat content of
2.87-3.50 g/100g, demonstrating no significant effect on fat content.

9.4. Heat treatment

Heating milk at high temperatures can cause denaturation of whey
proteins, which affects the gel strength of yoghurt [47]. In a study by Gao
et al. [97], the texture and rheological properties of fermented milk were
affected by heating (55-85 °C for 25 seconds), which impacted the final
properties of the fermented milk. Treatment below 65°C increased gel
strength, firmness, and viscosity due to the formation of moderate ag-
gregation and stable microgel bonds. Conversely, heating above 65 °C
reduced texture quality due to the formation of large aggregates (~46-
63 pum) that produced coarse and undesirable grains. Purple sweet potato
flour has a high starch content. During the heating process, the starch
undergoes partial gelatinisation, which increases the viscosity of the yo-
ghurt matrix and helps maintain gel stability [62,71]. Starch particles and
fiber from the purple sweet potato can act as natural Pickering stabilizers,
which protect the protein structure during heating [96].

561



Juliana A. et al. | FOOD SYSTEMS | Volume 8 No 4 | 2025 | pp. 555-565

9.5. Storage temperature

Storage temperature is one of the factors that determines the stability
of yogurt and other dairy products. Arab et al. [30] found that at higher
storage temperatures, microbial activity and changes in protein structure
due to partial denaturation can cause a decrease in water-holding capac-
ity (WHC), thereby increasing the likelihood of syneresis. This process is
exacerbated by the degradation of the gel network formed during fermen-
tation, which becomes more fragile due to temperature fluctuations. Gao
et al. [97] emphasize that maintaining a constant, low storage tempera-
ture is crucial for preserving the texture and stability of fermented dairy
products. These findings provide further insight into the mechanisms un-
derlying the formation of fermented milk quality after heating, and offer
new perspectives for addressing potential texture defects in fermented
milk products during storage in environmental conditions.

The content of purple sweet potato flour can increase viscosity and
strengthen the protein gel structure. The components of purple sweet
potato flour can bind water and milk proteins, forming a denser and more
stable three-dimensional network during storage at low and fluctuating
temperatures [81]. Saleh et al. [89] (Table 6) stored differently treated
samples at 4 °C before conducting sensory and physicochemical quality
tests. Cota-Lopez et al. [98] also confirmed that the addition of retrograd-
ed starch to fermented milk products can maintain gel stability despite
variations in storage temperature. Thus, the use of purple sweet potato
flour as a natural stabilizer can be an effective strategy for preserving the
microstructure of milk gel and preventing an increase in syneresis due to
temperature changes during storage.

9.6. Long storage

Storage duration is one of the primary factors influencing the physical
stability of processed dairy products, such as yogurt. Physical defects in yo-
gurt can be observed after it has been processed and stored for a specified
period [30]. Storage duration can accelerate syneresis due to changes in
protein structure and a decrease in water-holding capacity (WHC). This is
caused by the post-acidification process and the rearrangement of protein
networks during storage. This process causes syneresis [99]. Experimental
studies also report that during cold storage, post-acidification ‘increases
the size of casein particles,” contributing to changes in gel structure and a
decrease in WHC [100]. The yogurt studied by Anwar et al. [101] had opti-
mal fermentation times of 6 hours for sheep’s milk, 7 hours for cow’s milk,
and 5 hours for the mixture of both. To maintain quality, the optimal stor-
age period was up to 14 days at 4 °C. Sheep milk yogurt excels in terms of
acidity, bacterial count, water-binding capacity, and taste, making it suit-
able for use in probiotic products. The longer the product is stored, the
greater the chance of protein gel structure degradation.

The second cooling process is carried out in stages over 12 hours to im-
prove the yogurt’s quality. Cooling too quickly can cause a weak gel struc-
ture and increase the likelihood of syneresis during storage. Meanwhile, in
the production of drinking yogurt, the fermented product is stirred, then
diluted, and stabilizers are usually added to maintain its stability [53]. The
addition of 4-6 % purple sweet potato powder (lyophilized powder) to yo-
gurt contributes to a denser, more compact gel network and reduces the
rate of syneresis during 30 days of storage. Bioactive compounds in purple
sweet potato flour can interact with milk proteins, thereby maintaining the
product’s microstructure stability during long-term storage [81].

10. Development prospects

The prospect of developing purple sweet potato flour as a natural
stabilizer in Indonesia is promising. Indonesia is a tropical country with
fertile soil and diverse natural resources. Based on its resource potential,
Indonesia has abundant food availability [102]. After China, Indonesia oc-
cupies an essential position as the leading producer of the purple sweet
potato [66], especially when compared to other crops. The purple sweet
potato has a more expansive production geography, adaptability, and

short production cycle; in addition to high nutritional value, it also has
sensory advantages in flesh color, taste, and texture [103].

The cultivation of purple sweet potato can be done in various ways.
The majority of cultivation is carried out on dry land, with attention to
soil and water management as the key to success [66]. Based on the re-
sults of field research, the most common varieties of the sweet potato-are
white, yellow, and orange. After the discovery of the purple sweet potato,
it attracted public attention. The purple sweet potato has good prospects
because it’s in high demand. Apart from having an attractive color, the
purple sweet potato also has health benefits [102]. This development is
in line with the global trend of increasing interest in functional foods.
Consumer demand for the use of natural and organic ingredients is rising.
Consumer awareness of using natural ingredients, minimal processing,
and the avoidance of negatively perceived ingredients, such as allergens
or additives, is growing. This creates market opportunities for processed
food products that use purple sweet potato flour as a base [104].

Developing Indonesia’s purple sweet potato processing industry can
positively impact the community’s economy and the livelihoods of sweet
potato farmers. In addition to increasing food diversification, the devel-
opment of the purple sweet potato flour industry can also create jobs and
provide benefits in both health and the economy [105]. In 2022, the In-
donesian Ministry of Agriculture initiated a purple sweet potato planting
program spanning 2,000 hectares (ha) across several locations. This pro-
gram aims to stimulate the economy through the food potential of rural
products, such as purple sweet potato flour [66]. The high demand for the
sweet potato as a raw material for the food industry will increase farmers’
income and promote greater efficiency in the purple sweet potato pro-
duction. The purple sweet potato in South Korea and Japan has become a
healthy food trend due to its good nutritional value [106].

The utilization of the purple sweet potato in Indonesia as a functional
food is still limited. The sweet potato is generally consumed by frying or boil-
ing, and in the form of chips and traditional foods such as timus [107]. This is
due to the lack of public knowledge regarding the purple sweet potato pro-
cessing. This situation can be attributed to the lack of purple sweet potato
processing technology and the increasing consumer demand for suitable
products. Therefore, the government needs to provide strong support for the
processing industry in order to stimulate the development of the products
from the sweet potato [66]. In developing countries, millions of people con-
sider the sweet potato as an essential food source [8]. Therefore, the use of
the purple sweet potato should be achieved through product diversification.
The product diversification process is expected to produce foods that are
nutritious, attractive, and have added value with the use of simple technol-
ogy [107]. Some efforts can also be made to promote the purple sweet potato.
One approach involves providing the public with information on the benefits
of the purple sweet potato through promotions and conducting field prac-
tices on the utilization of the purple sweet potato [105].

11. Conclusion

Dairy products such as yogurt often undergo syneresis, resulting in the
separation of liquid and solids, which therefore requires the use of stabiliz-
ers. Purple sweet potato flour contains starch that easily absorbs water and
swells, making it a suitable natural stabilizing agent. In addition to starch,
the purple sweet potato also contains fiber, protein, sugar, minerals, and
anthocyanins, which play an essential role in strengthening gel structures
and preventing syneresis. The anthocyanins in the purple sweet potato
can also act as antioxidants, adding value to the final dairy product. These
components can bind with milk proteins and fats, forming a more stable
gel structure. Other factors such as heat treatment, storage temperature,
and storage duration also affect the physical stability of the product. The
prospects for developing the purple sweet potato in Indonesia are promis-
ing due to its high agronomic potential, good nutritional value, and op-
portunities for use as a natural raw material in the functional food industry.
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