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Abstract Yogurt, produced by the lactic fermentation of

milk base, is an important dairy product worldwide. One of

the essential sensory properties of yogurt is the texture, and

some textural defects such as weak gel firmness and

syneresis likely occur in various types of yogurts, affecting

consumer acceptance. In this regard, various strategies

such as enrichment of milk-based with different additives

and ingredients such as protein-based components (skim-

med milk powder (SMP), whey protein-based powders

(WP), casein-based powders (CP), and suitable stabilizers,

as well as modification of processing conditions (homog-

enization, fermentation, and cooling), can be applied in

order to reduce syneresis. The most effective proteins and

stabilizers in syneresis reduction are CP and gelatin,

respectively. Furthermore, yogurt’s water holding capacity

and syneresis can be affected by the type of starter cultures,

the protolithic activity, production of extracellular

polysaccharides, and inoculation rate. Moreover, optimiz-

ing the heat treatment process (85 �C/30 min and 95 �C/
5 min), homogenization (single or dual-stage), incubation

temperature (around 40 �C), and two-step cooling process

can decrease yogurt syneresis. This review is aimed to

investigate the effect of fortification of the milk base with

various additives and optimization of process conditions on

improving texture and preventing syneresis in yogurt.
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Abbreviations

SMP Skimmed milk powder

WP Whey powder

WPC Whey protein concentrates

WPI Whey protein isolate

WPH Whey protein hydrolysate

CMC Carboxymethyl cellulose

LBG Locust bean gum

EPS Exopolysaccharides

Introduction

Yogurt, a fermented milk product provided by thermophilic

lactic acid bacteria, mainly Streptococcus thermophilus and

Lactobacillus delbrueckii ssp. Bulgaricus is preferably

consumed due to its approved health beneficial impacts

(Dönmez et al., 2017). It is a nutrient-dense food supply

beneficial to humans who suffer from lactose intolerance,

constipation/diarrheal diseases, hypertension, diabetes,

cardiovascular diseases, and cancer. Three major types of

yogurt are available at the market, known as drinking, set,

and stirred ones, similar in manufacturing practices (Karam
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et al., 2013). The main steps in yogurt production include:

milk clarification and its separation into the cream and

skim milk, homogenization, pasteurization, inoculation of

starter culture, and incubation at 43 �C for 4–6 h and

finally, rapid cooling when the pH reaches 4.0–4.7. The

formation of lactic acid during the fermentation process

provides a gel matrix via aggregation of casein micelles

strands when pH reaches around 4.6 (Dönmez et al., 2017).

Set and stirred yogurts are different according to the filling

stage performed before and after incubation. Drinking

yogurt is provided by stirred yogurt dilution from runny to

viscose liquid (Arab et al., 2019a).

Yogurt structure as a firm gel is provided by disulfide

cross-link between denatured whey proteins and k-casein

and casein micelle aggregation at its isoelectric pH with

interlocked whey via hydrogen bond (Karam et al., 2013).

A yogurt set, usually fermented ‘‘in the pack,’’ is firmer in

structure than others. No mechanical agitation like shearing

has been experienced and is not expected to be slimy in

texture (Wang et al., 2019). The rheological characteristic

of yogurt as a bridge between microscopic and macro-

scopic characteristics is critically important in determining

its quality, shelf life, and consumer acceptability, espe-

cially in set ones. It is influenced by milk composition, total

solid content, thermal processing condition, type and ratio

of inoculated microorganisms, fermentation process (time

and temperature), and storage time (Wang et al., 2019).

Syneresis or whey separation is a crucial technological

defect in fermented milk-based gels that provides liquid on

the gel surface and consequently undesired sensory

mouthfeel characteristics, which is not appealing to the

consumer (El Bouchikhi et al., 2019). Alongside the less

consumer acceptability of whey separated yogurt due to its

undesirable textural and flavor characteristics, its nutri-

tional value may also be decreased, mainly attributed to the

loss of water-soluble nutrients. An indirect correlation has

been observed between yogurts’ viscoelastic network (gel

strength) and the syneresis ratio. Less syneresis is observed

in the gel matrix than gel-like ones (Bitaraf et al., 2018).

Yogurt would be less susceptible to syneresis during stor-

age if its water holding capacity is enhanced (Sánchez

et al., 2020).

Regarding the importance of yogurt as a healthy dessert

and the critical role of its desired textural properties in

consumer acceptance, in this study, the importance of

syneresis as a textural defect in yogurt and the effect of

various ingredients as well as processing conditions on

improving texture and retarding syneresis in yogurts are

discussed.

Mechanisms of syneresis creation in yogurt

Yogurt is considered a semisolid fermented milk (generally

cow’s milk) product with a three-dimensional network that

can entrap a large liquid phase quantity. The cross-link

formation of protein, polysaccharides, and fat provides the

network, affecting the final product’s total solid content

and flavor, texture, and structure (Kim et al., 2020). Pro-

teins are considered the main constituent of yogurts’

structure. The total protein quantity of cow’s milk is

3.48%, with caseins (as1, as2, b and j components) and

whey proteins at 80% and 20%, respectively. Yogurt

structure results from casein’s physical interaction with

each other and with whey proteins through hydrophobic

and disulfide bonds. Due to acidification (decrease of pH to

isoelectric point) and enzymatic reaction during fermen-

tation, caseins tend to form a gel to entrap whey via

hydrogen bonds (Zhao et al., 2016).

Its global vision is important to guarantee yogurt’s

consumer acceptance during the distribution chain, market,

and eventual consumption. The approximate shelf life of

yogurt has been estimated to be around 16–21 days under

refrigeration temperature (4–6 �C) storage (Alakali et al.,

2009). The primary physical defects that have been

observed in yogurt after processing and/or keeping for a

particular time are viscosity fluctuation and syneresis.

Syneresis is considered the expulsion of interlocked

whey (serum) from the continuous yogurt network (Lee

and Lucey, 2010). The milk transformation from a New-

tonian fluid to a semisolid/solid product occurs through the

milk gelation, and the formed protein network can maintain

serum in pores. Gel rigidity and its water holding capacity

are considered factors in determining yogurt’s stability

against syneresis (Gilbert et al., 2020). However, syneresis

is mainly found in set yogurt; the stirred are also prone to

it, mainly regarding the lack of gel rigidity. Syneresis has

been motivated by the contrast of two main groups of

reason as (1) influensive factors on water holding capacity

in gel networks, including physical (network density, for-

mation, and stability) and chemical factors (factors that

cause chemical inactivation of water), (2) factors facilitate

the removal of water from gel networks including intra

network stresses (network rearrangement, fast cooling, and

acidification) and extra network stresses (shaking and

cutting the gel) (Mortazavian and Sohrabvandi, 2004).

The serum separation in yogurt is supposed to be

induced via poor formulation, with low total solid content,

inadequate thermal and homogenization practice, inappro-

priate inoculated species, incubation time/temperatures,

and deficiencies experienced during marketing transporta-

tion (Bierzuńska et al., 2019). Syneresis is a gel network

rearrangement through enhancement in the particle–
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particle junction that is influenced by formulation and

processing parameters, as depicted in Fig. 1.

Effective factors on syneresis

Although various dairy raw materials were utilized in

formulating yogurt, the approximately same method was

used by all manufacturers to produce yogurt. Modification

in producing methods and ingredients plays an essential

role in improving yogurt quality, notably better texture and

lower syneresis. In this section, the effect of processing

conditions and added additives on yogurt quality has been

reviewed.

Additives

Yogurt is considered a three-dimensional network that can

entrap an effective liquid phase content. The microstruc-

ture consists of a protein matrix with fat globules embed-

ded in it. Other ingredients called stabilizers are also used

in yogurt production for better structure. They increase the

yogurt mix’s total solids to decline syneresis by around

14% (w/w). Types and amounts of proteins, stabilizers, and

fat influence yogurt gel stability (Clark et al., 2019). Var-

ious types of mentioned compounds are applied in the dairy

industry. The important and common types are discussed in

the following sections.

Protein

The most critical components in yogurt formation are

proteins. Protein interactions (type and levels) and raising

the ratio of protein to total solids are two essential factors

that significantly affect gel elasticity, leading to less rup-

ture and better texture properties. Enhancement of protein

levels promotes gel firmness and reduces syneresis. Vari-

ous ingredients are used to increase the protein content,

including skimmed milk powder (SMP), whey protein-

based, and casein-based ingredients that showed different

effects on water holding capacity and other yogurt prop-

erties. Caseins, undenatured and denatured whey proteins,

can immobilize around 2.82, 0.32, and 2.34 g water per g

protein, respectively (Snoeren et al., 1982).

SMP, traditionally used for yogurt production, improved

the textural quality and decreased the syneresis levels. It

was reported that SMP addition resulted in a good quality

yogurt with increased yogurt viscosity and gel strength

compared to unfortified yogurt (Karam et al., 2013).

Although SMP addition to yogurt mix resulted in a firmer

body, it was demonstrated that a large amount of SMP led

to a great powdery mouthfeel and remarkable fermented

flavor (Karam et al., 2013; Tamime and Robinson 2007).

The excess lactose from SMP can develop extreme acidity

during product storage (Karam et al., 2013). Due to the

appearance of powdery taste in the yogurt due to the higher

addition of milk powder, other dried dairy ingredients

divided into two groups (whey protein-based and casein-

based ingredients) have been utilized to increase dry

ingredients yogurt-mix composition.

Whey protein concentrates (WPC), isolate (WPI) or

hydrolysate (WPH), denatured whey protein, whey protein

fraction, and non-protein nitrogen products are some of the

different types of whey powder (WP) (Kelly, 2019). Due to

WP’s nutritional and functional properties have increased

attention to fortifying yogurt with these proteins (Wherry

et al., 2019). It was claimed that WP and yogurt’s milk

base at the range of 0.6 to 4% w/w resulted in syneresis

reduction (Mahomud et al., 2017). However, due to an

undesirable whey flavor and sometimes a grainy texture in

high WP levels, its content yogurt mix was limited to 1–2%

(Lee and Lucey, 2010). The addition of WPC to the milk

base of yogurt sounds to be a more common practice than

the WPI addition. WPC contains 34–88% protein produced

by ultrafiltration, and drying of whey, and it has been

indicated that the whey processing conditions can influence

the functional properties of WPC, such as solubility,

foaming, heat gelation, and emulsion capacity (Karam

et al., 2013; Kumar et al., 2018). It was said that both heat

treatment and acidity of the whey during the production of

WPC induct negative effect on the water-holding capacity

of the yogurt, resulting in the more particulate and

heterogeneous texture of the final product (Kelly, 2019).

Various studies have investigated the effect of WPC

addition instead of SMP on yogurt’s physical and textural

properties, and contradictory results were observed. Some

Syneresis 

Processing 
parameters

Thermal 
processing

Homogenization 

Fermentation

Cooling

Transportation

Formulation 
parameters 

Total solid 
content

Fig. 1 Main influensive factors on yogurt syneresis
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studies showed increased yogurts’ firmness and viscosity

when SMP was replaced with WPC (Sodini et al., 2005).

In contrast, the replacement resulted in an inconsistent

loss (Lesme et al., 2020). It has been reported that WP

addition to milk before heat treatment and fermentation

resulted in a denser protein network in which small pores

and a well cross-linking between caseins and whey proteins

are created (Lesme et al., 2020). It seems that WP’s

composition and functionality, the amount of WP addition,

the intensity of milk heat treatment, and starters used for

the fermentation can be effective in the appearance of

inconsistent results.

Casein-based ingredients are also utilized to increase dry

ingredients of the yogurt-mix composition. Casein-based

powders (CP) manufactured from skimmed milk have

several types (e.g., acid or rennet casein, sodium, potas-

sium or calcium caseinate, and casein hydrolysate). These

powders enhance the hydrophilic properties by increasing

protein content, resulting in lower yogurt syneresis levels

due to improved viscosity. It has been indicated that the

best levels of casein are around 1–2% w/w. The addition of

a higher amount of casein led to uncontrolled thickening

(Amalfitano et al., 2019). Various studies have reported

that the addition of sodium-caseinates to milk led to higher

viscosity, firmness and more robust networks and less

syneresis in comparison to the yogurt enriched with dif-

ferent types of milk protein ingredients (Karam et al.,

2013).

One of the most critical parameters in yogurt syneresis is

CP to WP ratios. Nearly all studies reported that the levels

of syneresis decreased as CP/WP reduced (Zhao et al.,

2016; Laiho et al., 2017). Reduction of CP/WP increased

the density of protein matrix and compactness of yogurt

microstructure, leading to a high level of immobilized free

water in the yogurt gel. Some recent studies about adding

protein-based powders and CP/WP ratio on yogurt

syneresis are summarized in Table 1.

Fat

Milk typically contains 2.5–3% fat. The fat content in

yogurt varies depending on the final product, high in full-

fat yogurt and less in low-fat yogurt (Clark et al., 2019).

Some studies reported that fat reduction from yogurt milk

harmed the final gel’s textural properties (Aryana and

Olson 2017). However, it has been declared by Laiho et al.,

2017 that skim yogurts had greater firmness and higher

viscosities than whole fat yogurts. Adding fat replacers can

modify the texture of low-fat yogurts (Laiho et al., 2017).

Milk is usually homogenized to decrease fat globules

diameter at pressures ranging between 15 and 20 MPa and

temperature at around 65–70 �C, through a single stage or

10–20 and 5 MPa two-stage homogenizer (Chandan and

O’Rell 2013). Under high pressure, the fat globule’s size is

decreased, and the fat surface is partially covered with

proteins leading to more hydrophilic properties. So, smaller

fat globules were incorporated into the gel by cross-linking

with proteins and resulted in a product with lower

syneresis, favorable firmness, and mouthfeel. The other

method is ultra-high pressure homogenization performed at

the pressure of 200 or 300 MPa leading to higher firmness

and water holding capacity. After heat treatment, the

homogenization process makes the casein micelles covered

with denatured whey protein incorporated in the fat

membrane, resulting in higher firmness in final products. It

should be noticed that unhomogenized large fat globules

may interrupt the yogurt gel network and increase

syneresis.

Stabilizers

Stabilizers, especially hydrocolloids, are widely used in

various food products to improve textural properties and

shelf life (Khanniri et al., 2019; Khorshidian et al., 2018).

Their long and branched molecules made them prone to

bind with water, reduce water flow in the matrix space, and

potentially decrease syneresis in yogurt (Saha and Bhat-

tacharya 2010; Yemenicioğlu et al., 2020; Khanniri et al.,

2017). Furthermore, the interaction of hydrocolloids with

milk constituents enhances their hydration. Therefore, a

network of linkages between the milk constituents that

retards the free movement of water is formed. Additionally,

it was indicated that hydrocolloids’ addition at an opti-

mized level improves the yogurt characteristics like tex-

ture, viscosity, appearance, and mouthfeel (Pavlou et al.,

2020). Starch, pectin, alginate, xanthan, carrageenan,

derivatives of methylcellulose (such as carboxymethyl

cellulose (CMC), gum arabic, tragacanth, karaya, locust

bean gum (LBG), or guar and gelatin are common hydro-

colloids in the food industry.

Hydrocolloids used in yogurt can be categorized as

anionic and neutral. The interaction of anionic hydrocol-

loids (j-carrageenan and pectin, CMC) with the positively

charged functional groups on the surface of casein micelles

provides a more robust casein network. The interaction also

affects the ion equilibrium and sooner precipitation of

caseins compared to yogurt without hydrocolloids. In

contrast, neutral hydrocolloids (xanthan, guar, and LBG)

increased the continuous phase viscosity. The addition of

hydrocolloids to yogurt is considered a practical method to

enhance viscosity and decrease syneresis. In this part

application of the most important stabilizers utilized in

yogurt is reviewed. It has been indicated that gelatin is one

of the most prominent hydrocolloids in controlling

syneresis in yogurt (Yousefi and Jafari 2019). Yogurt for-

mulated with gelatin shows better rheological and textural
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properties and lower syneresis in a way that it has been

reduced to zero in some cases.

Starch is a type of carbohydrate consisting of a large

number of glucose units joined by glycosidic bonds. The

viscosity enhancement induced by starch granules swelling

can reduce syneresis. Also, they could improve the

mouthfeel properties of low-fat yogurts. It is a cost-effec-

tive hydrocolloid known as one of the thickening agents

used in yogurt production (Saleh et al., 2020). For many

years, maize starches have been used as a thickening agent

and fat replacer in yogurts. Recently, other botanical

sources such as kudzu starch, tapioca starch, water yam

starch, and potato starch have also been used, potentially

effective in syneresis reduction (Altemimi, 2018). How-

ever, it was stated that gelatin is more effective in syneresis

reduction in yogurt than starch.

Xanthan gum is a polysaccharide secreted by the bac-

terium Xanthomonas campestris, used as a food additive,

commonly as a fat replacer, food thickening, and stabilizer

(Gyawali et al., 2016). It has unique properties such as

solubility in hot or cold water and an acidic media, high

thermal stability, little shift in viscosity by changing tem-

perature, high viscosity at low shear, and low viscosity at

high shear (Saha and Bhattacharya, 2010). Xanthan gum

hydrates immediately after dispersion and prevents

syneresis defect by providing water-binding (Gyawali and

Ibrahim, 2016). Studies revealed that xanthan addition at a

concentration of 0.005–0.01% decreased syneresis rate

through its shelf life.

Carrageenan is a sulfated polysaccharide that extracts

from red edible seaweeds. It synergizes with other gums

and is commonly used as a gelling, thickening, and stabi-

lizing agent. Carrageenan has a variable ratio of sulfate

groups in various positions and is classified into three main

groups: kappa, iota, and lambda. Due to variation in car-

rageenan, various rheological properties could be achieved

(Fontes-Candia et al., 2020). Carrageenan could influence

food’s textural properties by increasing viscosity and its

unique water-holding ability (Li et al., 2020). Despite the

prevalence of using carrageenan in ice cream or ice milk

(Gyawali and Ibrahim, 2016), it could also potentially be

used to decrease yogurt syneresis. As an anionic hydro-

colloid, carrageenan can interact with positive charges on

proteins’ surfaces and provide a robust protein network. It

has been stated that carrageenan, which resulted in earlier

milk gelation at low concentration (B0.05%), can entirely

prevent gelation at higher concentration (0.2%) (Clark

et al., 2019). Generally, carrageenan’s thickening and sta-

bilizing properties could be one of the desired additives in

yogurt production. Cations are limiting factors to

Table 1 Effects of protein-based powders on yogurt syneresis

Sample Independent variables Levels Results References

Non-fat

cup

set-

style

Neutralized acid whey protein concentrate

(NAWPC), sweet whey protein concentrate

(SWPC), or skim milk concentrate (SMC)

7.75% (AWPC),

88.0% (SMC),

8.30% (SWPC)

Higher pH in NAWPC yogurt changed gel

structure formation and water holding capacity.

The yogurt showed higher syneresis

Wherry

et al.,

(2019)

Low-fat

set

yogurt

Polymerized whey protein (PWP) 1.4% The WHC of yogurts with the addition of PWP

was significantly higher than full-fat yogurt

Fang et al.,

(2019)

Fat-free

stirred

yogurts

Casein/whey protein (C/W) 80:20 (Control)

to 50:50

Decreasing C/W (increased W content) results in

a stronger protein network due to increasing

crosslinking levels. Sample with 50:50 ratio

showed higher syneresis

Laiho

et al.,

(2017)

Low-fat

yogurt

Casein/whey protein (C/W) 4:1, 3:1, 2:1, and

1:1

When C: W ratio decreased, yogurt coagulum

showed higher G� and greater yield stress. The

fermentation period was shortened, and the

microstructure became more compact with

smaller pores

Zhao et al.,

(2016)

Low fat

set

type

yogurt

W/C 0.22–0.7% Yogurt syneresis was positively affected by FC,

W/C ratio, and TG

Pakseresht

et al.,

(2017)

Fat content (FC) 0.5–1.5%

Microbial transglutaminase (TG) 0.0–1.0 U/g

Non-fat

stirred

yogurts

C/WP 1:1, 1:2 and 1:3 Samples with lower C/W were firmer and stiffer

than those with higher C/W. It also had a more

elastic gel at 4.5

Chua et al.,

(2017)
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carrageenan and casein interaction (Tang et al., 2019). It is

recommended to use a proper combination of carrageenan

and galactomannan, such as guar and locust bean gum.

Inulin consists of b-(2, 1)-linked fructosyl units with a

terminal glucosyl unit. It is used as a highly soluble dietary

fiber reducing blood cholesterol, lipid levels, and increas-

ing calcium absorption. As prebiotic agent can also stim-

ulate probiotic bacteria’s growth and regulate intestinal

flora in the colon (Ahmed and Rashid 2019; Yousefi et al.,

2018). The degree of polymerization (DP) influenced inu-

lin’s functional properties. Entrapment of water by

hydroxyl groups of inulin makes it potentially able to form

a stable gel with high water holding capacity. Gel forma-

tion by inulin is independent of the presence of the casein

network. In other words, gel creature has been induced by

water entrapment of network provided by inulin interac-

tion. Inulin could increase viscosity enhancement, texture

improvement, and syneresis reduction in low-fat yogurt

( _Zbikowska et al., 2020). Long-chain inulin is more

effective in decreasing syneresis, modifying the texture,

enhancing creaminess, and improving mouthfeel than a

shorter chain because of better binding ability (Gomez-

Betancur et al., 2020). Some recent researches about the

effects of stabilizers on yogurt structure and syneresis are

summarized in Table 2.

Processing conditions

Heat treatment

The intensive thermal processing used in yogurt production

aims to change milk components, especially whey proteins,

and destroy unwanted microorganisms for better starter

bacteria growth. Through thermal processing (appropriate

time–temperature), the enhanced denaturation of whey

protein and its association with casein micelles increase the

water holding capacity by decreasing the hydrophobicity

(Nagaoka, 2019). The best conditions are 85 �C/30 min

and 95 �C/5 min. Generally, heat treatment positively

influences syneresis. However, severely heat-treated milk

led to faster formation of yogurt gel with a weaker struc-

ture, which is more susceptible to syneresis like unheated

or inadequately heat-treated milk (Shaker et al., 2000).

Syneresis ratio was higher in yogurt produced with raw

milk than pasteurized and UHT milk (Célia et al., 2017).

Also, heat treatment lower than 85 �C resulted in yogurt

being more susceptible to syneresis than adequate heating

(Zamberlin and Samarzija 2017).

Homogenization

Homogenization is a process that results in fracturing fat

globules into smaller and better-dispersed particles, which

leads to the formation of smoother and creamier end

Table 2 Effects of stabilizers on yogurt structures and syneresis

Sample Stabilizers Levels Results References

Skim set yogurt Gelatin, xanthan gum,

carrageenan and

modified starch

(0.5–1.5%),

(0.005–0.015%),

(0.01–0.08%) and

(0.5–1.5%), respectively

Both xanthan gum and carrageenan significantly

increased the syneresis. Modified starch improved

thickness without significant changes in the product

texture. Gelatin was the best hydrocolloid due to its

ability to reduce syneresis

Nguyen

et al.,

(2017)

Non-fat Set Yogurt Potato, sweet potato,

corn, chickpea, and

Turkish beans starch

1.0 g Wheying-off was significantly reduced, regardless of

starch type

Saleh

et al.,

(2020)

Low- fat set yogurt Resistant cassava and

corn Starch

0, 0.1, 0.5 and 1% of

cassava starch and 0.6%

Corn starch as control

During cold storage, yogurt treated with 1% resistant

cassava starch had the highest viscosity and the

least syneresis (22.5%)

Mwizerwa

et al.,

(2017)

Full fat set yogurt

containing

coffee-cascara

extract

Inulin 0, 3, 7, and 13% The addition of inulin increased the firmness and

consistency of yogurt. Inulin at a 13% level

significantly decreased syneresis compared to the

control and the sample containing 3% inulin

Iriondo-

DeHond

et al.,

(2020)

Full fat set yogurt Potato starch 0.25%, 0.5%, 0.75% and

1%

Potato starch at levels 0.75 and 1% resulted in less

syneresis and acceptable sensory characteristics

with little change in the total acidity

Altemimi,

(2018)

Low-fat stirred

yogurt

Tilapia skin gelatin

(TSG)

0.4, 1.0, and 2.5% TSG enhanced the firmness of the gel with an

increase in concentration. The addition of 0.4%

TSG completely prevented whey separation

Pang et al.,

(2017)
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products. Homogenization in commercial yogurt produces

a more uniform product, which is less susceptible to whey

off. In a homogenizer, milk is forced through the tiny

orifice at high pressure, and fat globules are broken up due

to shearing forces (Chandan and O’Rell, 2013). In the

manufacture of yogurt with minimum stabilization (MSNF

11–13%), a high-pressure double stage homogenization,

approximately 23–28 MPa/ 6 MPa (2000–2500/500 psi),

or single-stage, 23–28 MPa (2000–2500 psi), is used in

order to improve consistency and prevent whey separation.

Yogurt with higher total solids content and/or stabilizers

can be homogenized at lower pressures, approximately

6–17 MPa (500–1500 psi) (Chandan and O’Rell 2006).

Homogenization and stirring process in the production of

set sheep yogurt resulted in no additional syneresis after

28 days of storage. Also, decreasing the natural creaming

during the initial hours of fermentation as the result of

altering the milk structure was observed (Tribst et al.,

2020). Using other technologies such as high-intensity

ultrasound (HIU) combined with homogenization has been

reported to be more efficient in decreasing the syneresis

induced by the decrease in the size of fat globules and

viscosity/ water holding capacity enhancement (Akdeniz

and Akalin 2019).

Fermentation

Fermentation parameters, including time, temperature, and

starter cultures, significantly affect syneresis. A tempera-

ture around 42–45 �C was commonly applied in the fer-

mentation process (Arab et al., 2019b). At high incubation

temperatures, the gel’s number or strength of hydrophobic

interactions increased (Roefs and Vliet 1990). However,

incomplete solubilization of colloidal calcium phosphate

(CCP) induced by gel formation at higher pH leads to more

rearrangements in the gel matrix. Consequently, increasing

syneresis occurs during the storage time (Lucey and Singh

1997). At lower gelation temperature, more strong cross-

links of caseins and denatured whey proteins result in less

rearrangement and syneresis. About 62% reduction in

syneresis has been demonstrated by reducing the incuba-

tion temperature from 45.7 to 40 �C (Lee and Lucey 2004).

The syneresis ratio is also determined by the types of

starter cultures, inoculation rates, and the starter bacteria’s

metabolic activity. However, Lactobacillus delbrueckii ssp.

bulgaricus and Streptococcus salivarius subsp. ther-

mophiles are the traditional starter bacteria in yogurt for-

mation; some other strains have also been approved

(Alimentarius, 2011). Syneresis increased in yogurts

obtained by high proteolytic activity cultures during stor-

age. Several studies have mentioned that exopolysaccha-

rides (EPS) producing cultures could be considered a new

approach to modifying fermented milk (Ghasempour et al.,

2019). EPSs are natural bio-thickening agents, and their

functionality depends on the monosaccharide composition,

charges, structure (length and frequency of branching), and

interaction of the EPS with milk constituents. EPSs can be

divided into two groups: homopolysaccharides and

heteropolysaccharides. Several health benefits have been

attributed to EPs, as presented in Fig. 2.

Some starter bacteria can produce heteropolysaccharides

at their optimal growth temperature, usually uncharged and

exist in two forms: capsular and ropy. Ropy EPSs are

attached to bacterial cell surfaces while the capsular forms

are excreted in the environment. Both forms of EPSs show

high water-binding ability. However, yogurt gels obtained

by the ropy strains show a more homogenous structure with

randomly distributed small cavities than non-ropy strains

(Duboc and Mollet 2001). Starter cultures that produce

EPSs with a greater chain length result in more viscous

products with lower syneresis. Effects of EPS producing

starter cultures and a commercial starter culture (S. ther-

mophiles and Bifidobacterium animalis subsp. lactis) in

probiotic goats’ milk set yogurt were investigated. It was

observed that the level of whey separation was reduced in

yogurts with EPS producing starters due to the modification

of yogurt microstructure by EPS producing cultures and the

higher water-binding capacity of EPS (Madhubasani et al.,

2020).

On the other hand, it was reported that yogurts produced

with EPS producing starter cultures had lower firmness

than samples without EPS producing starter cultures,

especially at 9% (w/w) total solid compared to 12% (w/w)

(Amatayakul et al., 2006). This phenomenon could be

explained by differences in the protein aggregation mech-

anisms and gel structure. Due to the incompatibility of

EPSs with milk protein, they are separated from milk

proteins and fill the gel pores that reduce firmness and

syneresis (Hassan et al., 2003).

Health benefits 
of EPSs

Anti-tumor

Anti-cancer

Cholesterol-lowering effects

Protection against pathogens and toxins

Increasing host immunomodulatory 

activities

Antioxidant Properties

Enhancing the colonization of probiotic 

bacteria in the gastrointestinal tract

Fig. 2 Health benefits of exopolysaccharides(EPSs)
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Inoculation rate and metabolite activity of starter bac-

teria are other parameters that can effectively treat

syneresis. Metabolite activities are dependent on inocula-

tion temperature, which has been decreased at lower

temperatures.

Cooling process

When the final product reaches a favorable pH (*4.6), a

cooling step must be performed to decrease or eliminate

starter bacteria’s activities to prevent higher acidity and

rearrangements in gel structure during storage periods

(Yildiz, 2010). Starters activity has been reported to be

decreased at temperature\ 10 �C, usually 5 �C. For this

goal, two methods can be performed: Yogurt directly

reached to temperature under 10 �C, in one step cooling, or

reached 15 or 20 �C at first then reached to temperature

under 10 �C, in two-step cooling (Tamime and Robinson

1999). It was clear that two-step cooling led to a final

product with lower syneresis and a better texture (Mor-

tazavian and Sohrabvandi, 2004). Syneresis in yogurt

cooled with plate heat exchanger was lower than tubular

heat exchanger (Guénard-Lampron et al., 2019).

Conclusion

This article considered the effects of formulation and

processing steps on yogurt syneresis. The addition of pro-

tein-based powders and stabilizers could decrease yogurt

syneresis. Casein-based powders and gelatin are the most

effective protein and stabilizers in syneresis reduction,

respectively. Unheated and severely heat-treated milk

results in higher syneresis products than optimum heat

treatment (at 85 �C/30 min and 95 �C/5 min). The

homogenization process at a higher pressure and after heat

treatment is useful in decreasing syneresis. Fermentation

conditions, including a higher inoculation rate and lower

incubation temperature, effectively reduce syneresis in the

final products. Also, EPSs producing starter cultures with

low proteolytic activity can effectively increase water

holding capacity. Furthermore, the two-step cooling pro-

cess is more effective in yogurt production with lower

syneresis. It is suggested that the effect of different meth-

ods of milk standardization, such as vacuum evaporation

(VE) and membrane filtration, on the yogurt syneresis is

investigated in future studies. Furthermore, it is recom-

mended to study the combined effects of EPS producing

cultures and different types and content of stabilizers for

the next research.
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Zamberlin Š, Samaržija D (2017) The effect of non-standard heat
treatment of sheep’s milk on physico-chemical properties,

sensory characteristics, and the bacterial viability of classical

and probiotic yogurt. Food Chem 225:62–68. https://doi.org/10.

1016/j.foodchem.2017.01.001
_Zbikowska A, Szymańska I, Kowalska M (2020) Impact of inulin

addition on properties of natural yogurt. Appl Sci 10:4317.

https://doi.org/10.3390/app10124317

Zhao L, Wang X, Tian Q, Mao X (2016) Effect of casein to whey

protein ratios on the protein interactions and coagulation

properties of low-fat yogurt. J Dairy Sci 99:7768–7775. https://

doi.org/10.3168/jds.2015-10794

Publisher’s Note Springer Nature remains neutral with regard to

jurisdictional claims in published maps and institutional affiliations.

J Food Sci Technol (June 2023) 60(6):1656–1665 1665

123

https://doi.org/10.1016/j.foodhyd.2017.05.035
https://doi.org/10.1016/j.foodhyd.2017.05.035
https://doi.org/10.3168/jds.2016-11881
https://doi.org/10.1080/15428052.2020.1768996
https://doi.org/10.1080/15428052.2020.1768996
https://doi.org/10.1016/0166-6622(90)80260-B
https://doi.org/10.1016/0166-6622(90)80260-B
https://doi.org/10.3390/foods9010061
https://doi.org/10.1002/jsfa.2037
https://doi.org/10.1016/j.lwt.2019.108296
https://doi.org/10.1016/j.lwt.2019.108296
https://doi.org/10.1016/j.lwt.2020.109557
https://doi.org/10.1016/j.foodhyd.2019.01.004
https://doi.org/10.1016/j.foodhyd.2019.01.004
https://doi.org/10.3168/jds.2019-16247
https://doi.org/10.3168/jds.2019-16247
https://doi.org/10.1111/ijfs.14363
https://doi.org/10.1111/ijfs.14363
https://doi.org/10.1016/j.tifs.2019.04.015
https://doi.org/10.1108/NFS-11-2017-0253
https://doi.org/10.1016/j.foodchem.2017.01.001
https://doi.org/10.1016/j.foodchem.2017.01.001
https://doi.org/10.3390/app10124317
https://doi.org/10.3168/jds.2015-10794
https://doi.org/10.3168/jds.2015-10794

	A comprehensive review on yogurt syneresis: effect of processing conditions and added additives
	Abstract
	Introduction
	Mechanisms of syneresis creation in yogurt
	Effective factors on syneresis
	Additives
	Protein
	Fat
	Stabilizers

	Processing conditions
	Heat treatment
	Homogenization
	Fermentation
	Cooling process


	Conclusion
	Author contribution
	Funding
	References




