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Abbreviations
MGs	� Monoglycerides
SSL	� Sodium stearoyl lactylate
Lα	� Lamellar liquid-crystalline structure
Tk	� Krafft transition temperature
PGMS	� Propylene glycol monostearate
PGE	� Polyglycerol fatty acid esters
ACTEM	� Acid esters of mono and di-glycerides
GMP	� Glycerol monopalmitate
GMS	� Glycerol monostearate
PGME	� Propylene glycol monoesters

Introduction

In the 1930s, commercial emulsifiers, mostly in the form 
of mono- and di-glycerides, were introduced into the food 
industry. The emulsifying properties present in eggs were 
used prior to the introduction of commercial emulsifiers. 
Egg yolks contain natural food emulsifiers such as lecithin 
phospholipids (Ferreira et al. 2021). Emulsifiers in the food 
industry have evolved into highly functional ingredients. 
They are used in foods products at very low quantities, often 
in fractions of one percent, but can have an enormous impact 
on finished product, for example, emulsifying substances 
can aerate batters and foams, prolong the shelf life, boost fat 
aggregation and enhance the texture of food products (Jie & 
Chen 2022). The functionality of the emulsifiers is affected 
by the specific emulsifier used, the concentration, formula-
tions, and manufacturing process of the finished food prod-
uct (Hasenhuettl 2019). Synthetic emulsifiers have become 
widely used commercially in the last half of the 20th century. 
Propelled by the food processing sector, it needed to sell safe 
products across mass markets. Creamy salad dressings, for 
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example, can be preserved for up to a year without visible 
separation (Awuchi et al. 2020; Hasenhuettl 2008).

Emulsifiers are usually important for baking and have 
been used for a long time (Garzón et al. 2018). Such addi-
tives are called surface-active agents or surfactants. They 
have both lipophilic and hydrophilic properties (Garzón 
et al. 2018; Kohajdová et al. 2009). The emulsifier can 
be concentrated at an oil/water junction with a specific 
chemical structure resulting in improved thermodynami-
cally unstable systems stability. Emulsifying agents have 
an effect that exceeds their emulsifying capacity, since they 
can produce associations with proteins and starch due to 
their amphiphilic properties (Jie & Chen 2022). However, 
the emulsifiers contain compounds with an entirely different 
chemical structure and thus have different action mecha-
nisms, with a deviating impact in bread and dough (Gómez 
et al. 2004; Yeşil & Levent 2022). Emulsifiers may therefore 
be labelled as ionic or non-ionic. The ionisation capability is 
related to the electrical activity of the emulsifier in aqueous 
systems (McClements et al. 2022). Because of their covalent 
bonds, non-ionic emulsifiers are not disassociated in water. 
Ionic emulsifiers can further be classified into cationic and 
anionic emulsifiers, but cationic emulsifiers are not used in 
food applications. Anionic and cationic groups are found 
in amphoteric emulsifiers (lecithin) and their surface-active 
attributes depend on pH (McClements & Jafari 2018; Stamp-
fli & Nersten 1995).

Monoglycerides (MGs) exhibit four crystalline forms, 
namely, α, β, α-prime, and β- prime. The α-form is known 
to be much more functional among all these forms. It is 
formed by mixing emulsifiers in hot water and, upon cool-
ing, crystallization leads to the sandwich structure of the 
emulsifier-water-emulsifier referred to as the α-gel phase. In 
the food industry, for development of bakery products emul-
sifiers are used in gel-form (Vyakhaya; David, John; Parvez, 
2020). However, the α-gel phase loses its functionality upon 
aging but emulsifiers in gel phase are easy to manufacture 
and distribute uniformly. The hydration of the emulsifiers 
to convert it into a functional but unstable form is therefore 
quite impressive.

In order to increase the stability and functionality of 
hydrated emulsifiers, it should be able to maintain its α-form 
over a longer period of storage. One way of doing this is 
by encapsulation technique using spray drying and convert-
ing the hydrated emulsifier into powder form to maintain 
its functional properties. This will not only provide easy 
storage and accurate dosage of improver (also referred to as 
cake emulsifier) powder on an industrial scale, but will also 
allow the development of dry premixes of various bakery 
products. Few manufacturers have developed cake improver 
powder, but the composition and manufacturing process is 
secretive and some information is available from product 
information sheets or websites. This article discusses recent 

developments in the field of emulsifiers used in the bakery 
industry and further developments, needs and benefits of 
cake improver powder for the bakery market. This overview 
is the first to propose and provide the information on devel-
opment of microencapsulated improver powder and shall 
form the basis for changing trend and future research related 
to emulsifiers.

Functions of emulsifiers in manufacturing 
of baked products

In practice, the expected attributes of the emulsifiers for the 
baking industry includes: enhanced dough handling with 
increased dough strength; improved hydration and water 
absorption with greater tolerance for rest periods, shocks 
and fermentation; improved crumb structure: fine and closed 
grain arrangement, smoother crumb, improved cell size con-
sistency; better bread slice features; better crust thickness; 
reduction in fat emulsification and shortening; enhanced 
symmetry; enhanced gas retention leading to lower yeast 
demand, improved oven spring, higher proofing rate and 
bread loaf volume; extension to bread shelf life (Tebben 
et al. 2018; Vyakhaya; David, John; Parvez, 2020).

Emulsifiers are used in the food industry for dough 
strengthening [sodium stearoyl lactylate (SSL) and diacetyl 
tartaric acid esters of mono-di-glycerides] and crumb sof-
tening (glycerol monostearate and monoacylglycerols), SSL 
exhibit both crumb softening and dough strengthening char-
acteristics (Yeşil & Levent 2022). According to one hypoth-
esis firmness to wheat dough is provided by emulsifiers due 
to the formation of complex with wheat gluten proteins 
(McClements et al. 2022). The emulsifier may adhere to the 
hydrophobic protein surface that promotes gluten-protein 
aggregation in the dough. Strong network of proteins con-
tributes to improved texture and increased bread volumes 
(Miyamoto et al. 2005; Selomulyo & Zhou 2007). Another 
hypothesis is that polar emulsifiers are capable of forming 
gliadin-associated liquid-crystalline phases in water. Such 
structures may help to increase the dough elasticity to allow 
the gas cell to expand, contributing to an increased baked 
good volume (Ribotta et al. 2010).

Fresh bread is a perishable commodity with limited shelf 
life, with chemical and physical modifications known as stal-
ing occurring in storage. Consequence of these modifica-
tions, the quality of bread gradually depreciates because its 
freshness and crispiness are lost, whereas its firmness and 
stiffness are increased (Asghar et al. 2006). Emulsifiers have 
been shown to prevent crumb from firming connected with 
staling (Azizi & Rao 2005). Their influence on the delay 
in staling of baked products was indicated by their engage-
ment with starch (Ribotta et al. 2010; Tebben et al. 2022), 
delayed retrogradation and prevented moisture movement 
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amid gluten and starch, thereby avoiding the absorption of 
water by starch. Distribution of moisture between starch 
and proteins of food systems may also be influenced by the 
emulsifiers. Decrease in water absorption by starch makes 
more water available for gluten hydration, which is also 
intended to retard staling (Selomulyo & Zhou 2007; Van 
Haften 1979).

The most necessary structure for personal care and food 
is the emulsifying structure, the α-gel phase. α-gel struc-
ture is formed in the presence of water through α-crystalline 
emulsifiers. The majority of emulsifiers contains a lengthy 
hydrocarbon chain connected to the head group which crys-
tallize into a lamellar structure, whereas emulsifiers with 
a chain-length less than 14 carbons rarely have an α-gel 
phase (Sugahara et al. 2020; Vyakhaya; David, John; Parvez, 
2020). These emulsifiers absorb water by hydrating a polar-
ized head group and develop a lamellar liquid-crystalline 
structure (Lα phase) upon heating over their Krafft transition 
temperature (Tk) in aqueous phase. α-gel is formed once 
the system is cooled below Tk (Garti 2001; F. C. Wang & 
Marangoni 2016a, b). Emulsifier molecules are arranged 
hexagonally in the α-gel structure and the water layers are 
organized between the two layers (Fig. 1). They can also 
be self-assembled into cubic and hexagonal phases depend-
ing on the temperature and emulsifier concentration. These 
structures have high viscosity and a low water distribu-
tion and are therefore not suitable for food use (Gaonkar & 
McPherson 2006).

α-gel phase could entangle a few hundred angstroms 
of water between the lamellas. Such structures may be 

formed by electrostatic repulsive action among charged 
head groups of the emulsifier (Garti 2001; Krog & Sparso 
1990). α-gel structure allows for a variety of physical and 
chemical interactions among different emulsifier mole-
cules and, amongst other compounds, like proteins, carbo-
hydrates and emulsifiers in pharmaceutical, cosmetic and 
food matrices (Gaonkar & McPherson 2006). In addition, 
the aeration and stabilization of foams are improved by 
α-gels and are commonly used for baked goods, including 
cakes (H. Batte et al. 2007a, b; Gaonkar & McPherson 
2006; Marangoni et al. 2007;). α-gel phase maybe utilized 
as low fat shortening due to its semi solid texture (H. Batte 
et al. 2007a, b; KROG & JENSEN 1970; Marangoni et al. 
2007). Increased water content throughout the lamellar 
α-gel form contributes to better skin hydration in topi-
cal cosmetic emulsions relative to non-lamellar structure 
(Sone et al. 1999).

A number of α-crystalline emulsifiers can be assem-
bled into the α-gel structure. MGs have been the most 
thoroughly investigated amongst these emulsifiers. The 
α-gel process also includes other emulsifiers including 
propylene glycol monostearate (PGMS), polyglycerol fatty 
acid esters (PGE), acid esters of mono and di-glycerides 
(ACTEM), and SSL (Anvarinejad, Mahvash; Javadi, 2017; 
Krog & Sparso 1990). The molecular structure of these 
emulsifiers are summarized in Fig. 2.

Fig. 1   Structure of an α-gel 
phase and coagel phase formed 
by glycerol monostearate-water 
system. a α-gel phase, top view, 
b α-gel phase, side view
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α‑tending emulsifiers

Monoglycerides

MGs are among the most commonly used food emulsifiers. 
MGs are lipids that are linked to a glycerol backbone by a 
single fatty acid chain. This chemical structure enables it 
amphiphilic as the head group of glycerol is polar besides 
it is non polar in the fatty acid chain. Nowadays, they are 
common in baked products, drinks, ice creams, toppings, 
shortenings, and margarines. They are manufactured indus-
trially by the interesterification of triglycerides with glycerol 
in the alkaline catalytic at around 200–250 °C and produce 
between 40 and 60% (wt.) MG through certain diglycerides 
and triglycerides (Younes et al. 2017). A high vacuum, thin 
film molecular distillery process can be used to purify the 
mixture, producing pure MGs up to 95% (wt.) called the 
distilled monoglycerides (Krog & Sparso 1990; Moonen 
& Bas 2014). The process of interesterification makes it a 
natural combination of two stereoisomers, namely 1-mono-
glycerides and 2-monoglycerides. The hydrocarbon chain of 
the glycerol backbone MG molecules bound to C1 or C3 is 
termed the 1-monoglycerides, whereas the C2 hydrocarbon 
chain on glycerol backbone is called the 2-monoglycerides 
(Chapman 1962; Miao & Lin 2018). 1-monoglyceride con-
tent is typically between 90 and 95 per cent in commercial 
distilled MGs (F. C. Wang & Marangoni 2016a, b).

Upon crystallization 1-monoglycerides exhibit com-
plex polymorphic behaviour whereas 2- monoglycerides 
exhibit only stable β-crystals (Vereecken et al. 2009). MGs 

functionality in emulsions is determined via saturation 
degree, chain length also polymorphic forms exhibited by 
molecules. In water and oil, saturated MGs typically crys-
tallize in α-crystalline form, that self assembles to form 
α-gel structure like glycerol monopalmitate (GMP) and 
glycerol monostearate (GMS). Whereas unsaturated MGs, 
like glycerol monooleate, in water, do not form the α-gel 
phase (F. C. Wang & Marangoni 2016a, b).

Techno-functional properties of aerosol cream pre-
pared using four different emulsifiers: (i) medium-chain 
saturated monoacylglyceride (MSMG), (ii) long-chain 
saturated monoacylglyceride (LSMG), (iii) medium-chain 
saturated mono/diacylglyceride (MSMDG) and (iv) long-
chain unsaturated monoglyceride (LUSMG) were investi-
gated by Blankart et al., (2020). Aerosol cream’s apparent 
viscosities and fat globule sizes were reduced by MSMG, 
LSMG, and MSMDG, however LUSMG enhanced both by 
destabilizing the emulsion. MSMG promoted foam forma-
tion more than LSMG and MSMDG, whereas LUSMG 
inhibited foaming. Overall, saturated monoacylglycerides 
were more effective than unsaturated monoacylglycerides 
at emulsion and foam stabilization. In another study, L. Y. 
Lee et al., (2018a, b) revealed that unsaturated monoglyc-
erides outperformed saturated monoglycerides alone and 
saturated monoglycerides combined with polysorbate 80 in 
frozen dessert stability based on the meltdown rate. Satu-
rated and unsaturated monoglycerides showed a meltdown 
rate of 0.17–0.26 and 0.12–0.19% per min respectively. 
Similar results were reported by Loi et al., (2019) that 

Fig. 2   The molecular structures of emulsifiers
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unsaturated mono/diglycerides have emulsion stabilization 
effect than saturated mono/diglycerides.

Recent research studies aim at improving the stability 
MG structured systems with α-gel phase because polymor-
phic transition into the coagel phase leads to water synersis, 
restricting their use in cosmetic and food products. Different 
external and internal factors affect the swelling capacity and 
stabilization of α-gel phase in complex ways (F. C. Wang & 
Marangoni 2016a, b). Figure 3 outlines some of these fac-
tors. Distilled MGs on their own are capable of structuring 
only 10–20 Å of water and are not capable of forming a gel-
like structure. Water structuring capacity of distilled MGs 
can be improved to 100–200 Å by adding co-emulsifiers or 
impurities like di-glycerides and free fatty acids (Alfutimie 
et al. 2015).

In system of distilled MG and water development of a 
lamellar gel phase is assisted by anionic monovalent co-
emulsifier, because negatively loaded head groups attracts 
water and produce electrostatic hinderance from bilayers of 
MG (Ren et al. 2021). Co-emulsifiers consisting of saturated 
fatty acid backbone and smaller head groups are reported to 
form α-gel phase with more stability. Large head groups are 
proposed to disrupt MGs’ continuous lamellar structure (F. 
C. Wang & Marangoni 2015a). Zetzl et al., (2009) reported 
the use of SSL, PGMS, neutralized stearic acid (or sodium 
stearate), and soy lecithin in MG-based emulsions as effec-
tive co-emulsifiers. SSL and sodium stearate can improve the 
α-gel phase water swelling capacity. Reason for this increase 
in water swelling capacity is monovalent nature of these 
molecules attaching 18C hydrocarbon chain and increasing 
the electrostatic repulsion between MG-bilayers (F. C. Wang 
& Marangoni 2015a). Naturally, these co-emulsifiers crystal-
lise in a stable α-form, and can be incorporated in the GMS 
lamellar structure (F. C. Wang et al. 2016). α-gel phase in 
MG-water and emulsion with GMS can be made stable for 
5 weeks and 1 year at 45 °C and room temperature respec-
tively by adding 10% (wt.) SSL (F. C. Wang & Marangoni 
2015a, 2015b).

Although the majority of work in the past have focused 
on the water-MGs systems, but recently oil-MGs systems 
have been recognised to be important specially for form-
ing creams. The phase behaviour of oil-MGs system differs 
greatly from that of aqueous systems. On cooling oil-MGs 
system from the well-mixed isotropic phase, two phase 
transitions are observed. In a hydrophobic surfactant solu-
tion, the inverse lamellar phase forms below the gelation 
transition temperature, as assumed. The arrangement of 
this inverse lamellar phase is identical to that of α-gel (the 
known phase of aqueous MG solutions). The inverse lamel-
lar bilayers have a very distinct hexagonal in-plane ordering 
due to the unusual size ratio between the glycerol head and 
the lateral area of the aliphatic chain in the fully extended 
dense brush. The lower temperature phase emerges when the 
surfactant continues to cool below its crystallization point. 
With orthorhombic chain packing in the unit cell, the lateral 
hexagonal packing changes into a structure resembling the 
sub α-crystalline phase of pure MG melt (C.-H. Chen & 
Terentjev 2018). Alfutimie et al., (2019) investigated the 
effect of olive and palm oils on the gel phase generated by 
saturated and unsaturated MG mixtures. Although olive oil 
exhibited little interaction with the gel phase, some palm oil 
was integrated into the gel phase, enhancing its stability and 
causing it to swell significantly less in water. When palm oil 
was added to the gel phase of saturated MGs, the gel phase’s 
stability improved and lasted for ten days, compared to only 
four hours when no palm oil was added. Furthermore, as 
compared to mixed saturated and unsaturated MGs, palm 
oil enhanced water vapour pressure substantially more than 
olive oil. The inclusion of triglyceride alkyl chains into the 
MGs alkyl chains boosted the hydrophobic impact of mixed 
MGs bilayers.

The presence of other ingredients like salts, acids, bases 
and hydrocolloids in foods and personal care products has 
complicated consequences on stabilizing the α-gel phase 
(Mao et al. 2014), hence such factors must be taken into 
account during product development. GMS-water hydrogels 

Fig. 3   Internal and external 
factors that affect the stability 
of the α-gel phase in MG-
structured
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pH is influenced by the co-emulsifier used and at natural 
pH with no adjustments the α-gel phase was found to be 
more stable (F. C. Wang & Marangoni 2015c). Stability of 
structured emulsions is affected by addition of NaCl (salt) 
because it protects the electrostatic repulsion induced by 
negative charged co-emulsifiers between MG bilayers (H. 
D. Batte et al. 2007a, b). The addition of anionic hydrocol-
loids will improve stabilization of MG emulsion, as they 
may increase water viscosity, thereby slowing down water 
syneresis. GMS emulsion was found to be stable at 45 °C 
for more than 40 days by adding xanthan gum 0.1% (wt.) 
amount of water phase (F. Wang & Marangoni 2016a, b).

PGE

Other important categories of α-tending emulsifiers are 
PGEs. But their physical properties and uses have still not 
been extensively researched. Glycerol in vicinity of alka-
line catalyst is polymerized and subsequently by fatty acid 
esterification to produce PGEs. PGE molecule contains one 
or two alkyl-hydrophobic chain and hydrophilic n-glycerol 
head group. The physical and molecular characteristics of 
PGEs vary from the level of glycerol polymerisation to the 
length of fatty acid chains. In contrast to MGs, PGEs are not 
polymorphic and produce a stabilized α-crystalline form. In 
presence of aqueous phase, PGEs with lower glycerol (3–5 
glycerols) polymerization and containing long-chains of 
fatty acid (C16–C18) esters are capable of self-assembling 
to α-gel phase (Izquierdo et al. 2006; Shrestha et al. 2006; 
Contreras-Ramírez et al. 2020).

Comparable to MGs, PGE molecule pentaglycerol mon-
ostearate (C18G5) with saturated fatty acid chains is capable 
of forming α-gel phase, whereas pentaglycerol monooleate 
(C18:1G5) with unsaturated fatty acid chains do not form 
α-gel phase (Izquierdo et al. 2006). To achieve the α-gel 
form, heating over Tk is important because it enables the 
surfactant to hydrated and assemble the hexagonally packed 
channels into lamellar fluid crystalline structures. A α-gel 
structure was obtained when liquid crystal falls lower than 
Tk of PGE. At higher temperatures and higher emulsifier 
amount, greater thicknesses of water layer was observed 
(Duerr-Auster et  al. 2007b; Izquierdo et  al. 2006). The 
thickness of water layer in between PGE’s bilayers depends 
on the system temperature and its water content.Impuri-
ties like salts and fatty acids enhanced the water-swelling 
capacity of PGE, at 2% (wt.) of PGE in system α-gel phase 
stable for over 4 weeks at room temperature was observed 
(Duerr-Auster et al. 2007b). The water swelling capacity of 
the glycerol head groups in both processes is attributed to 
greater number of hydroxyl groups. Co-surfactants such as 
salts of fatty acid improve water swelling capacity by add-
ing electrostatic repulsions among PGEs or MGs bilayers 
(Duerr-Auster et al. 2007a; Shrestha et al. 2006). At natural 

pH, PGE-water systems can be stable for more than 2 years 
when stored at room temperature, although decreases in pH 
reduced stability and caused precipitation in the gel system 
(Curschellas et al. 2013). α-gel phases formed using PGEs 
exhibit more thermodynamic stability because of their ina-
bility to transform into β crystalline structure unlike formed 
by MG-structured systems (Shrestha et al. 2006). One point 
to mention though is that adding salt (NaCl) speeds up PGE 
precipitation in solution (Curschellas et al. 2013).

Shikhaliev et al., (2016) reported the emulsifying capa-
bilities of polyglycerol and fatty acids esters with vary-
ing degree of polymerization (average = 5), fatty acids 
chain length (6–18), number of esterified hydroxyl groups. 
Maximum emulsifying capacity was reported for capric, 
caprylic and lauric acid derivatives containing 50% esteri-
fied hydroxyl groups. Polyglycerol and fatty acid esters 
with HLB value > 9 (monoesters, diesters, some triesters 
and tetraesters) formed oil in water (1:1) emulsion, whereas 
polyglycerol ester with HLB value < 9 (heptaesters and some 
triesters and tetraesters) formed water in oil (1:1) emulsion. 
Recently, F. Chen et al., (2022a, b) reported the emulsify-
ing capabilities of triglycerol monocaprylate, hexaglycerol 
monooleate and decaglycerol monooleate to form curcumin 
loaded nanoemulsions. Results showed that nanoemul-
sions formed with and without curcumin were stable dur-
ing the 60 days storage analysis. Nanoemulsions formed 
using triglycerol monocaprylate, hexaglycerol monooleate 
and decaglycerol monooleate showed droplet size of 20, 75 
and 45 nm, respectively in 60 days study. Furthermore, cur-
cumin retention in nanoemulsions prepared using triglycerol 
monocaprylate, hexaglycerol monooleate and decaglycerol 
monooleate was 86.1, 78.9 and 85.3%, respectively. In addi-
tion, Peng et al., (2018) reported the emulsion forming capa-
bilities of long, medium and short chain PGEs in comparison 
to GMS. Emulsions prepared using long chain PGEs showed 
the best stability with smallest particle size of 16.8 nm with 
no oil droplet coalescence or separation of oil and water 
phase. In terms of degree of polymerization, Díaz-Lasprilla 
et al., (2021) reported that polyglycerol esters with higher 
degree of polymerization reduced the surface tension by 70% 
(from 71.49 to 22.05 mN/m) and particle size of palm oil in 
water emulsion. Also, with increase in the degree of polym-
erization the viscosity of emulsion increased.

Contreras-Ramírez et al., (2020) reported the physical 
stability of organogel-emulsions prepared using MGs as 
the geling agent while polyglycerol polyricinoleate as the 
surfactant and vegetable oils (canola and coconut oil). Oil 
type had no effect on the metastability of the organogels-
emulsions. This was attributed to the synergistic effect of the 
polyglycerol polyricinoleate and MGs to reinforce the inter-
face, increasing the electrostatic repulsion and better disper-
sion of water avoiding expelling it during the polymorphic 
transitions. In comparison to polyglycerol polyricinoleate, 
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the glycerol hydrophilic head is smaller and less bulky (Con-
treras-Ramírez et al. 2020). A less voluminous shape allows 
molecules to be closer together and interact more closely 
with their neighbors. These interactions are short-range 
weak forces (hydrophobic interactions, dipole moment, and 
H-bonding) that resulted in the creation of stronger elas-
tic structures and deformation resistance (Cerqueira et al. 
2017). The effect of adding amphiphiles (Pluronic F68, 
Span 80, and Tween 60) to sunflower oil oleogels made 
with polyglycerol stearate and glycerol monostearate as 
organogelators was investigated by Keskin Uslu & Yılmaz, 
(2021). Amphiphiles were found to improve the stability of 
glycerol monostearate and polyglycerol stearate oleogels. 
Larger crystal aggregates with softer structure and lower 
melting points were observed in prepared oleogels, as well 
as improved oscillatory recovery abilities. The gels produced 
were thermo-reversible and stable up to 50 °C.

SSL

In classification of emulsifiers based on nature of charge 
SSL is anionic emulsifier and common food applications are 
baked foods, creams, and meat products. Manufacturing of 
SSL in presence of sodium hydroxide involves stearic acid 
esterification with lactic acid (Krog & Sparso 1990). The 
esterification process results in blend of SSL, salts of free 
fatty acids and free fatty acid.

In a single chain-length structure, SSL is usually found 
to be stable in α-crystalline form where SSL molecules 
interlock hydrocarbon chains. In solution, SSL produce 
stable α-gel phases but shown no polymorphism. In water, 
phase behaviour of SSL is significantly affected by pH due 
to presence of free fatty acids. SSL exhibit lamellar struc-
ture and reverse hexagonal phase at neutral and pH below 
5 respectively (Krog & Sparso 1990). In tandem with MGs 
and PGEs, SSL is generally used to increase stabilization 
of α-gel phase rather than as an α-tending emulsifier. Add-
ing 20% (wt.) or more amount of SSL with distilled GMS 
formed α-crystalline structure that was stable for 2 years 
when kept at room temperature as revealed by the phase dia-
gram study of SSL and GMS (F. C. Wang et al. 2016). α-gel 
phase stability increased with increasing the concentration 
of SSL in GMS-water and structured emulsion system (F. C. 
Wang et al. 2016; F. C. Wang & Marangoni 2015a, 2015b). 
There are two mechanisms by which α-gel stability can be 
improved using SSL: (i) improving water swelling capacity 
by generating electrostatic repulsion among the bilayers of 
MG; and (ii) polymorphic emulsifiers are prevented from 
packing into dense coagel structures by α-stable SSL mol-
ecules (F. C. Wang & Marangoni 2015a, 2015b).

Recently, novel emulsion gels have been successfully 
fabricated through the synergistic stabilization using 
SSL and xanthan gum (Liu et al. 2023). Phase separation 

happened when SSL and xanthan gum were employed 
alone to produce emulsion gels. Meanwhile, ultrastable 
emulsion gels were created by combining SSL (2wt%) with 
xanthan (4wt%). Furthermore, the ratio of SSL and xan-
than gum could be modified to alter the visual appearance, 
droplet size, microstructure, and gel strength of emulsion 
gels. In order to stabilize oil droplets, SSL was absorbed 
at the oil–water interface and dramatically decreased the 
interfacial tension value. To improve the gel structure, 
Xanthan formed an exterior network. The stabilization 
process indicated that the honeycomb structure generated 
to trap oil droplets was responsible for the ultra-stability of 
emulsion gels. Surprisingly, the electrostatic attraction and 
hydrophobic interactions between SSL and xanthan aided 
in the effective bonding at the interface and in the bulk. 
This structure supplied the emulsion gels with outstand-
ing stability during high temperature storage, controlled 
settings, and pH change (Liu et al. 2023). Alkyl chain 
length of sodium fatty acyl lactylates has been reported 
to effect the adsorption behaviour (Fan et al. 2022). The 
CMC and equilibrium surface tension both dropped as the 
alkyl chain length increased, while the adsorption surface 
activity on the interface increased. The surface tension of 
the Cn lactylates was as low as 30 mN/m, and the CMC 
values ranged from 0.995 to 83.3 mmol/L. Increasing the 
alkyl chain length improved the wettability on a paraffin 
film as well as the ability to emulsify and produce foam.

PGMS

Certain emulsifiers like sorbitan esters of fatty acids, acid 
esters, and propylene glycol esters, also have potential to 
form α-crystalline structures; although their α-gel phase 
characteristics and uses are not much explored. Alkaline 
esterification of propylene glycol with edible fat at 200 °C 
produces propylene glycol esters (Krog & Sparso 1990). 
A mixture of palmitic and stearic acid is a commercially 
distilling propylene glycol ester, which differ from 60:40 
to 30:70 C16: C18 still referred as PGMS (Sparsø, 2014). 
PGMS is highly soluble in oil and little in water, therefore 
it is mixed in oil and heated above its melting tempera-
ture followed by transferring into water phase to make an 
emulsion (J.-Q. Chen et al. 2022a, b; Hagemann 1988). 
Lamellar hydration can help in achieving α-gel structure. 
PGMS, together with MGs, has been used to improve the 
α-gel phase stability with a molar ratio of 1:1 in baked 
goods (Hagemann 1988; Silva 2000b).

Furthermore, in the presence of water, lactic acid esters 
and acetic acid esters of MGs and polysorbates can also 
develop an α-gel phase. However, characteristics of α-gel 
formed by these emulsifiers are not well described.
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Using α‑gel phases to improve baked products 
physical properties

Using emulsifiers in baked products can enhance aeration 
that improves their texture and gives a superior quality 
product. Other benefits offered by α-tending emulsifiers are 
crumb softening, anti-staling effect and improved volume of 
baked products (Sparsø, 2014; Yeşil & Levent 2022). Emul-
sifiers cause their crumb softening and anti-staling results 
to be caused by their interaction with starch, reducing the 
starch retrogradation rate. The straight fatty acid chain of 
the emulsifier molecules of an emulsifier-starch complex is 
incorporated into the helical form of amylose (Bize et al. 
2017). Such dynamic mechanisms inhibit any physical modi-
fications in the dissolved amylose and reduce the retrograda-
tion of starch. Hydrated GMS (in α-gel) is usually applied as 
an anti-staling agent to bread batter to a point of 1% weight 
of flour.

Adding emulsifier in the α-gel phase has a positive effect 
on the incorporation of air in cake batters compared to emul-
sifiers in the β phase (Saito et al. 2020). The α-gel phase at 
the oil–water confluence has been shown to produce solid 
and elastic films that entrap oil while air is amalgamated 
in cake batters, avoiding protein-induced destabilization of 
foam. The use of the α-gel emulsifiers has made it possible 
to manufacture cakes in single stage mixing, also improved 
aeration and higher foam stability, helping to deliver finished 
goods with a finer texture and longer shelf life.

In α-emulsifiers for a higher overall quality, the synergis-
tic mixtures of MG-PGE and MG-PGMS have been used for 
the cake batters. MG-PGE mixture can produce sponge cake 
with improved aeration and stability and take less time for 
mixing along with enhanced emulsion and foam stability 
(Krog & Sparso 1990; Richardson et al. 2004). Via enticing 
integrations and bridge formation between air bubbles in 
foams, this mixture can enhance the formulation of firm and 
durable gel. Whereas, micellar emulsifiers produce repelling 
inter bubble reactions and hence are not recommended for 
bakery purposes. Benefits of α-gel phase can also be uti-
lized by whippable emulsions and toppings, where it facili-
tates aggregation of fat particles and absorption of water 
also increases viscosity, aeration and reduces coalescence 
(Jiang et al. 2018).

Several studies have reported the application of α-tending 
emulsifiers in different baked products such as bread (Frau-
enlob et al. 2018; Yeşil & Levent 2022), cake (Stemler 
& Scherf 2022), cookies (S. Li et al. 2022), and whipped 
creams (Jiang et al. 2018). Frauenlob et al., (2018) reported 
that the bread prepared using DATEM (0.5% flour weight) 
were superior to that prepared using 6 different lipases. 
Bread prepared using DATEM showed maximum height, 
significant anti-staling effect and lowest bread firmness 
throughout the 10 days storage period (20 °C). Therefore, 

suggesting the failure of lipase to replace DATEM in bread. 
Furthermore, Stemler & Scherf, (2022) investigated 7 
lipases to replace DATEM in three different cake formula-
tions (eggless cake, pound cake with eggs and yeast based 
cake). They reported that all lipases outperformed DATEM. 
These contrasting results may be due to the different lipases 
used in studies and also, different formulations of products 
prepared. However, both studies provided no information 
on the mechanistic background of the observed effects. 
Therefore, further studies are needed to clearly understand 
these varying findings. A study by (Yeşil & Levent 2022) 
used different emulsifiers (DATEM, SSL, MG and lecithin) 
and their combination to prepare gluten free breads with 
pseudocereals (buckwheat, quinoa and amaranth flour, 
respectively). They reported that SSL and combination of 
DATEM + SSL + MG + lecithin lead to an increase in vol-
ume and specific volume as well as decrease in hardness of 
gluten free breads. In addition, SSL and emulsifiers combi-
nation slowed the staling rate and provided higher sensory 
scores. Therefore, indicating the potential of these emulsi-
fiers to prepare gluten free breads using pseudocereals.

In addition, Rahmati & Mazaheri Tehrani, (2014) stud-
ied the influence of different emulsifiers [distilled glycerol 
mono stearate (DGMS), lecithin and sorbitan mono stearate 
(SMS)] and their combinations on the quality of eggless 
cake containing soy milk. Based on the quality of cake pro-
duced emulsifiers were ranked to their different functionali-
ties as shown in Table 1. SMS was ranked highest in terms 
of batter viscosity, batter density, cake firmness and cake 
density, while lecithin and DGMS for emulsion stability and 
moisture loss, respectively. However, in terms of cake vol-
ume DGMS and lecithin both were ranked highest. Overall, 
DGMS and lecithin blend produced highest quality of egg-
less cake with soy milk.

In a recent study, Li et al., (2022) investigated the role 
of α-crystal content of oleogels prepared using different 
emulsifiers [monoacylglycerol (MAG), sorbitol monostea-
rate (SPAN), PGE and SSL] on hardness of cookies. Results 

Table 1   Ranking of emulsifiers according to their different function-
alities [adapted from (Rahmati & Mazaheri Tehrani 2014)]

SMS—sorbitan mono stearate; DGMS—distilled glycerol mono stea-
rate

Variable Rank 1 Rank 2 Rank 3

Batter density SMS DGMS = Lecithin –
Batter viscosity SMS DGMS Lecithin
Emulsion Stability Lecithin DGMS SMS
Cake volume DGMS = Lecithin SMS –
Cake firmness SMS DGMS Lecithin
Cake density SMS DGMS Lecithin
Moisture loss DGMS Lecithin SMS
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showed that hardness of cookies prepared using oleogels 
of SSL and PGE was lower than that of SPAN with simi-
lar α-crystal content. In addition, cookies prepared using 
oleogel of MAG (without α-crystals) had similar hardness 
to that of cookies prepared with SPAN (with high α-crystal 
content), Surprisingly, this indicates that the content of 
α-crystals in emulsifiers based oleogels was not a decisive 
factor for cookies hardness. The explanation for the out-
come reported was that the hardness of emulsifier oleogel-
based cookies is affected by a variety of variables, and the 
α-crystals limited aeration (ability to absorb and retain air) 
is insufficient to play a major role in cookie quality. It was 
further reported that the shear viscosity of emulsifiers based 
oleogels is more important and emulsifiers based oleogels 
with higher shear viscosity results in softer cookies. Also, 
cookies prepared using oleogels with a higher HLB value 
had lower hardness. This study provides a different angle on 
the role of α-crystals in quality of cookies but further studies 
are needed to provide detailed information.

Jiang et al., (2018) investigated the interaction of three 
low molecular weight emulsifiers (SSL, phospholipid and 
sucrose ester) with caseinate for development of whipped 
creams (aerated emulsion). The three emulsifiers had vary-
ing interfacial characteristics, in turn influencing the texture 
of the whipped cream. The protein (caseinate) was easily 
displaced from the oil–water interface in the emulsions with 
sucrose ester, increasing the whipped cream’s stiffness as a 
result of partial coalescence. The anionic emulsifier SSL 
created a foam that was more stable and had α-gel charac-
teristics. The shear thickening caused by phospholipid was 
accompanied by the agglomeration of fat globules, whereas 
the cream’s liquid-like characteristics precluded the creation 
of the stiff fat network structure necessary for the stabiliza-
tion of air bubbles.

Need, process and advantages of improver powder 
and future prospects

When added to the production of the end product, the 
hydrated emulsifiers have superior functionality. For certain 
cases, though, food preparation is performed by the end con-
sumer. For household-made items, hydrated emulsifiers are 
not used as not being popular ingredients, which are utilized 
on daily basis in kitchen. Thus, most emulsifiers are either 
used in emulsified shortenings or dried blends, making them 
an ingredient for making the final product. In such goods, the 
physical form of the emulsifier is very relevant.

Paste or gel baking aids are laborious and relatively costly 
to manufacture and maintaining an active α-crystalline phase 
over a long storage period is difficult. In recent times, some 
advancement has taken place to replace them by powdery 
product. This can be made by either dispersing the paste or 

gel form in water along with a suitable coating/ carrier mate-
rial (such as skimmed milk powder, maltodextrin, sodium 
caseinate) and homogenized for uniform mixing followed by 
spray drying to produce a functional powder. Alternatively, 
an appropriate emulsion of carrier material and α-tending 
emulsifiers and spray drying can be used to obtain functional 
powder (Lai Yee Lee et al. 2014).

In the detailed process, first, the water and carrier material 
(called as aqueous phase) should be well mixed and in sepa-
rate beaker oil plus emulsifiers (called as oil phase) should 
be heated above krafft temperature and mixed well. Oil and 
aqueous phase should be mixed while heating, because cool-
ing can lead to the formation of solid α- gel phase with no 
shear and with shear it will form coagel phase, as shown in 
Fig. 4. After the formation of any of these phases it will be 
difficult to carry out spray drying process. In order to mix 
the oil and the aqueous phase, homogenization should be 
carried out at low shear for a few minutes without disturbing 
the lamella phase and maintaining the temperature of solu-
tion. Before homogenization, the co-emulsifier should be 
added to stabilize and maintain the α-gel phase for a longer 
period of time. Subsequently, it can be spray dried to obtain 
the dry powder. the emulsion should not be allowed to cool 
down during spray drying by keeping it in warm water. A 
schematic representation is shown in Fig. 5.

For these powder emulsifier mixtures to be aerating 
agents for cake batters, whipped desserts, and similar items, 
it is necessary for the powdered emulsifier to disperse and 
swell in aqueous phase at temperature of 20–25 °C at which 
the ingredients are normally mixed. Application of emulsifi-
ers not only gives the consumer a homogenous and attractive 
cake, but also a cake with improved stability and good tex-
ture. Traditionally, baking aids have been used in the form of 
paste or gel (which require mixing with water before using) 
with an emulsifier content ranging from 20 to 40%.

It is important to consider the type of encapsulating agent 
used for spray drying since it affects the process parameter 
as well as the physio-chemical and functional characteris-
tics of the spray dried powder. Carbohydrates (hydrolysed 
starch, maltodextrin, dextran, cellulose, and derived), gums 
(Arabic gums, agar, carrageenan), proteins (gluten, casein, 
albumin, haemoglobin, and peptides), lipids (wax, paraffin, 
diglycerides, and peptides), and biopolymers are the main 
types of encapsulating agents used in spray drying. A few 
studies have already gone into detail about the encapsulating 
agents and how they affect spray-dried powder (J. K. M. Lee 
et al. 2018a, b; Lu et al. 2021). As a result, we have focused 
on the few studies that have produced an encapsulated 
emulsifier system. Göksel Saraç & Doğan, (2021) encapsu-
lated mono-diglycerides using two different encapsulating 
agents (skim milk powder and whey protein). Whey protein 
encapsulated emulsifier system showed better encapsulation 
efficiency and emulsion stability, while skim milk powder 
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encapsulated emulsifier system provided better viscosity and 
powder properties like Carr index. These findings can help 
in the development of encapsulated emulsifier systems for 
specific applications. In another study, J. Li et al., (2022) 
encapsulated monoglycerides using different V-type granu-
lar starch produced via aqueous-ethanol heat treatment at 
different ethanol concentration (50, 60 and 70%). Results 
showed that V-type complex formation and granular sur-
face adsorption were two mechanisms for monoglycerides 
encapsulation. Monoglycerides tended to dissolve in ethanol 
rather than be encapsulated at higher ethanol concentrations. 
Due to the breakdown of granular and crystalline structure 
at lower ethanol concentrations, V-type granular starch has 
a poorer encapsulation capability. The best encapsulation 
ethanol concentration was 70% in the encapsulation mode of 
granular surface adsorption. Furthermore, Loi et al., (2020) 
encapsulated different concentrations (33.6 and 47.0%) of 
glycerol monooleate to transform it into water dispersible 
powder, using maltodextrin with dextrose equivalent values 
of 10 and 18. The dextrose equivalent values had smaller 
effects on the final powder characteristics, while increase in 
the glycerol monooleate concentration reduced the encapsu-
lation efficiency and poorer reconstitution properties. Spray 
dried powder with 33.6% glycerol monooleate concentra-
tion had encapsulation efficiency of 93–94% and surface oil 
of 3%. The result demonstrate that encapsulated emulsifier 
systems for food applications to boost product quality can 
be successfully produced by spray-drying.

Microencapsulation by spray drying is used for the devel-
opment of improver powder. Recently, many manufacturers 

have developed improver powders that are commercially 
available. Owned by Sensory Effects®, Encap® 850 is a 
microencapsulated improver made using distilled propyl-
ene glycol monoesters (PGME), distilled monoglycerides, 
hydrophilic lecithin, and sodium stearoyl lactylate as a co-
emulsifier. The Encap® improver is colloidally soluble and 
will dissolve completely, even in cold water, because it is 
microencapsulated. Since they are in solution, they are 100% 
active and do not require dispersion in hydrate form or high 
shear mixing for activation. Encap® 850 is suitable to be 
mixed with other dry ingredients and it is recommended to 
be mixed before adding oil so that it can help disperse the 
oil. The use of Encap® 850 will result in very quick batter 
whipping because of its aerating nature. Normally, the batter 
density is expected to be between 0.75 and 0.85. There may 
be a decrease in the requisite leavening. There is no require-
ment of creaming steps. The process of mixing is completed 
in one stage. This provides an effective method and saves 
time (Encap® 850, 2022).

Another powdered improver is Edifett SCP manufac-
tured by Meggle, Germany using spray drying of emulsi-
fiers emulsion. Edifett SCP is perfect for batters that are 
whipped up and stirred like sponge, pound, and madeira 
cakes as well as swiss rolls and muffins. Edifett SCP in aer-
ated products imparts characteristics like quick whipping, 
efficient whipping, finer and consistent crumb with higher 
volume (Edifett, 2022).

Palsgaard® emulsifier has industrialized first palm-free 
powder emulsifier in the world. According to the corpora-
tion, Palsgaard SA 6615 addresses the challenges of the 

Fig. 4   Schematic diagram of 
the phase behaviour of glycerol 
monostearate (GMS) in water 
(adapted from Wang & Maran-
goni 2016a, b, with permission 
from Elsevier)
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industry to eliminate palm oil used during cake preparation 
without compromising the product quality. Similar to the 
cake gel, quick and instant aeration and emulsification is 
offered by Palsgaard SA 6615, but exceeds the durability 
of gels because it remains whipping active for 18 months 
(Confectionery Production, 2022).

The advantages of powdered products are: (a) less com-
plexity: powdered emulsifiers streamline production and 
reduce process steps compared to gels, shortening or other 
emulsifiers in paste form. Since there is no need for a pre-
hydrating or pre-emulsifying step, it can be directly intro-
duced in a fully automated process to the cake batter. Thus, 
it takes only a couple of minutes to add emulsifiers during 
cake production; (b) lower dosages: powdered emulsifiers 
are more emulsified than conventional cake gels, and need 
lower doses for high-quality results; (c) less waste, easier 
storage: scraping out of your container all the cake gel emul-
sifier could postpone your manufacturing process and inside 
there is always a little bit that is thrown away. Powder, on 

the other hand, appears to be leaving its bag, leaving behind 
only the smallest amount. When we speak of gels versus 
powders’ physical handling, we should note that powdered 
emulsifier occupies lesser storage area, also less amount is 
required for providing same results, and partially because 
powder bags are easy to stack in comparison to buckets of 
gel; (d) leaner label: it contains one active emulsifier with 
one food product leaving more space for other labelling; 
(e) longer shelf life: powdered emulsifiers are expected to 
remain active for 18 months when stored at room tempera-
ture (Pedersen 2018), whereas gel is stored at refrigeration 
temperature.

Conclusion

For the development of bakery products, emulsifiers play a 
critical role in providing soft and uniform crumb with greater 
volume which results in higher acceptance by the consumer. 

Fig. 5   A schematic process of 
cake improver powder manu-
facturing
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Traditionally baking aids used are in paste or gel form. Paste 
or gel baking aids are laborious and relatively costly and 
their maintenance quality in an active α-crystalline shape 
is limited. They have thus been substituted to some extent 
by powdery goods. It is better to use powdery ingredients 
to make them more efficiently and quickly soluble than gel-
formed ingredients that can then be used in dry cake blends 
and cookie mixtures that have been pre-mixed. Dry-mixes 
gives options of making a cake at home as it can be easily 
used and does not require ingredients out of an ordinary 
kitchen.

In the development of improver powder, a blend of emul-
sifiers is used, which should be used in a comparative con-
centration resulting in a good and uniform structure of the 
final product. Further, the emulsifier should be converted 
to the α-gel phase which is its active phase and, it should 
retain this phase throughout the processing conditions and 
storage. Owing to several technological, functional, and han-
dling advantages improver powder is the need of the hour 
and few manufacturers have tapped that gap in the market. In 
conclusion, microencapsulated improver power is a potential 
replacement of emulsifier gel in future. Further research on 
the development of improver powder should be undertaken 
to optimize the development process and diverse application.
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