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Abstract of thesis presented to the Senate of Universiti Putra Malaysia in fulfilment
of the requirement for the degree of Doctor of Engineering
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By

LEE LAI YEE

May 2017

Chair: Prof. Ir. Chin Nyuk Ling, PhD
Faculty: Engineering

Monoglycerides are the most commonly used food emulsifiers, as crumb softener,
emulsion stabiliser and aeration enhancer. Putting aside the product composition,
the main variations in monoglycerides are the fatty acid composition and degree of
unsaturation. This study aimed to evaluate the aeration enhancement effects of
monoglycerides in bakery and dairy applications in view of the bakery
manufacturers perception that monostearin (C18) performs better than monopalmitin
(C16), and the fact that the blend of saturated monoglycerides and polysorbate 80
have been used historically in ice creams formulations instead of unsaturated
monoglycerides.  Four types of monoglycerides from different raw materials
(different C16 to C18 ratio) were used to make cake gel, assessed and applied into
sponge cakes and found to perform equally well in terms of batter aeration and final
cake volume and softness. Two saturated and three unsaturated monoglycerides
were applied in ice creams. The mix and ice creams were evaluated for aeration
performances through quantification of fat globules size distribution, meltdown
resistance and heat shock stability. A slightly higher degree of unsaturation (17 — 25
g [/100g compared to 10 — 17 1,/100g) gave better meltdown and heat shock
resistances. Both unsaturated monoglycerides performed better than saturated
monoglycerides and when it was dosed in combination with polysorbate 80. The
meltdown rate between the saturated and unsaturated monoglycerides was 0.17 —
0.26% per min and 0.12 — 0.19% per min respectively. It was also concluded that ice
creams with meltdown rate below 0.2% per min could be defined to have good
meltdown resistance performance. Monoglycerides are added into ice cream through
texturising system in the ice cream industry. Although unsaturated monoglycerides
gives better aeration performances in general, its use is carefully evaluated as it
could lead to change of textural and organoleptic properties of the ice cream of
which some manufacturers find it undesirable. The other quality concerns and
challenges faced by the ice cream manufacturers in Asia Pacific region include
excessive mix viscosity, poor heat shock resistances, product shrinkage and ice
crystals development over time.
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Monoglycerides adalah pengemulsi yang paling kerap digunakan dalam makanan,
sebagai pelembut roti, penstabil emulsi dan agen pengudaraan. Monoglycerides
berbeza dari segi lemak komposisi asid dan tahap ketidaktepuan. Kajian ini
bertujuan untuk menilai kesan penambahbaikan monoglycerides dari segi
pengudaraan dalam aplikasi bakeri dan tenusu memandangkan tanggapan pengilang
bakeri bahawa monostearin (C18) memberi prestasi yang lebih baik daripada
monopalmitin (C16); manakala dari segi tenusu, monoglycerides tepu bersama
polysorbate 80 selalu digunakan untuk membuat ais krim tetapi bukan untuk
monoglycerides tidak tepu. Empat monoglycerides yang mengandungi nisbah lemak
asid C16 dan C18 yang berlainan digunakan untuk membuat gel kek yang digunakan
untuk membuat kek span dan semua sampel didapati seimbang dari segi
pengudaraan adunan dan isipadu serta kelembutan kek. Dua jenis monoglycerides
tepu dan tiga jenis tidak tepu telah dinilai dalam ais krim. Prestasi pengudaraan dari
segi taburan saiz lemak, rintangan kelembapan dan kestabilan terhadap perubahan
suhu telah dinilai. Monoglycerides tidak tepu menunjukkan prestasi lebih unggul
berbanding monoglycerides tepu, apabila diguna sendiri atau ditambah dengan
polysorbate 80. Kadar kelembapan antara monoglycerides tepu dan tidak tepu
dicatatkan di 0.17 — 0.26% per min and 0.12 - 0.19% per min masing-masing. Ila
juga telah disimpulkan bahawa kadar kelembapan sebanyak 0.2% per min adalah
kadar maksima untuk ais krim yang tahan lembap. Monoglycerides ditambahkan
menerusi system tekstur semasa penghasilan ais krim. Walaupun monoglycerides
tak tepu memberi prestasi pengudaraan yang lebih unggul, ia mungkin membawa
perubahan dari segi tekstur dan sensori yang tidak diingini oleh para pengilang.
Masalah dan cabaran lain yang dihadapi oleh para pengilang ais krim di rantau Asia
Pasific ini termasuk kelikatan campura ais krim yang melampau tinggi, rintangan
kestabilan terhadap perubahan suhu yang lemak, pengecutan produk, dan
penghasilan kristal ais dari masa ke masa.
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CHAPTER 1

INTRODUCTION

1.1 Research background

The global food emulsifier market is expected to grow at a growth rate estimated at 4
— 5% compound annual growth rate (CAGR) from 2014 to 2020, equivalent to USD
3.2 — 4.3 billion. The Asia Pacific (AP) food emulsifier market is anticipated to
grow at a higher rate of 7 — 8% CAGR from 2014 to 2020. In 2014, the AP owned
the largest food emulsifier market share at 34.4%, followed by Europe at 28.6%
(Transparency Market Research, 2015). Among the food emulsifiers investigated,
monoglycerides owns the biggest market volume and is the most commonly applied
food emulsifier.

The increase in the consumption of food emulsifiers has been largely due to the
increasing demand for packaged and convenience foods contributing to the
expansion of the food manufacturing industry. There has also been increasing health
awareness in consumers, creating market for reduced or low fat food which requires
the use of food emulsifiers to aid in stabilising the food properties giving it the
required shelf life. In addition, increasing numbers of consumers now seek for
sensory sensation, pleasure and satiety when comes to food choices, for example
when ice cream is being consumed (Transparency Market Research, 2015). All
these factors have led to the need to increase food quality and preserve its properties
throughout its shelf life. This could be achieved with the use of food emulsifiers.

Food system is typically a sophisticated matrix. This is the result of processing a
combination of ingredients with different properties. For aerated foods, the matrix
gets more complicated with increased numbers of ingredient types and processes.
Ingredient types include the different surface active materials while processes are
like aeration, heat or cool treatment. Several examples of the very common aerated
food products consumed on a daily basis are cakes, breads and breakfast cereals,
while examples of those consumed for sensory sensation include ice creams and
carbonated soft drinks. These food products are so common that many consumers
are not aware that they are aerated. Air in food is present in the form of air bubbles.
The use of food emulsifiers in aerated foods help to ensure that these air bubbles are
uniformly and finely distributed within the food matrix and stabilised throughout the
products shelf life.

Emulsifiers are comprised of hydrophilic and lipophilic parts. One of the ways to
classify food emulsifiers is by the charges of the hydrophilic part, which are non-
ionic, anionic, cationic and amphoteric (Krog & Sparse, 2004). Each of these has
individually unique surface active properties. These emulsifiers could be present in
solid format such as powder, beads, flakes or pellets, semi-solid format such as paste,
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or in the liquid format, depending on its raw materials characteristics. Among all
types, the non-ionic emulsifiers are the principal emulsifiers used in food products,
particularly monoglycerides in powder format (Moonen & Bas, 2004).

Monoglycerides are the most versatile emulsifiers with its applications across a wide
range of food products. This includes the bakery, dairy and non-dairy, edible oils
and fats, confectionery, flour, savoury, and snacks. Similarly to triglycerides,
monoglycerides are comprised of a glycerol backbone. One of the glycerol’s
hydroxyl groups is replaced with fatty acid compared to three in triglycerides. The
fatty acid chain that is attached to the glycerol backbone is the key in determining
the properties of the monoglycerides. The variations are mainly the carbon chain
length and the degree of unsaturation. Monoglycerides are classified following its
compositions into two categories, which are the mono- and diglycerides (MDG) and
distilled monoglycerides (DMG) (Moonen & Bas, 2004). A MDG has lower
monoglycerides content with high diglycerides compositions, while the main
composition in DMG is monoglycerides and a minimal amount of diglycerides and
impurities (Flack, 1976).

In the bakery industry, monoglycerides are added to impart softness and enhance
volume of baked goods, for example in cakes. Optimum air incorporation into cake
batter is critical in securing a good volume and texture during the final stage of
baking (Conforti, 2006). Cake batter is conventionally prepared in two stages to
incorporate maximum amount of air. This could now be done in single stage all-in
method through the addition of cake emulsifiers in gel or powder format to obtain
similar or more air incorporation. Both gel and powder format cake emulsifiers
contain emulsifiers readily activated that are functional upon application. The gel
format, commonly known as cake gel in the industry, is widely available and more
economical compared to the powder system. The main emulsifier in cake gel is the
monoglycerides (Moonen & Bas, 2004).

In the dairy and non-dairy industry, monoglycerides are used for its emulsion
stabilisation effect but not in the case of ice cream. They are used in ice creams for
emulsion destabilisation to achieve structure stabilisation. = Monoglycerides
destabilised ice cream mix emulsion by weakening fat globules surface membranes
through displacing part of the adsorbed proteins. During shearing at freezing of ice
cream mix, the weakened surface of fat globules collided and agglomerated forming
fat aggregates. These fat aggregates layered on the air bubbles incorporated and
stabilised the matrix of the ice cream structure. Monoglycerides are typically added
along with stabilisers to make ice creams with desirable textural and organoleptic
properties (Clarke, 2005).

Both cakes and ice creams are similarly an emulsion and foam at the intermediate
stage prior transformed into the final texture. Cake batters are baked, where starch is
gelatinised and protein denatured to form the final firm texture. Ice cream mix are
frozen, where the water are converted into ice crystals. One main difference
between both is the final structures and storage conditions. Aerated cake structure is
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firmed and irreversible. Cakes are easily handled, stored and distributed at ambient.
Whereas for ice creams, once the structure is developed, they require freezing to
maintain the foamy matrix. This structure is vulnerably dependent on the handling
in subsequent distribution channels and storage conditions. The structure of ice
cream is generally irreversible, but there is a huge possibility that it would collapse if
the cold chain is broken.

1.2 Problem statement

Putting aside the product composition, the variations of monoglycerides are the
carbon chain length and degree of unsaturation. In the cake gel industry, the carbon
chain length has been a focus to certain manufacturers. While in the ice cream
industry, the degree of unsaturation has gained some highlight in recent years. An
important point to note is that not all food manufacturers using monoglycerides are
aware of these possible variations.

The major composition in cake gel is monoglycerides. The raw materials used to
make monoglycerides decide its ultimate fatty acid composition. There have been
perceptions by certain manufacturers that monoglycerides with high monostearin
(C18) performs better than those of high monopalmitin (C16). This contradicts to
literature reviews where Lagendijk and Pennings (1970) found that monopalmitin
performed better than monostearin. Nonetheless, Lagendijk and Pennings (1970)
concluded that both monopalmitin and monostearin were the two most active
monoglycerides compared to any other carbon chain length.  Commercial
monoglycerides are typically a combination of monopalmitin and monostearin. The
ratio of monopalmitin and monostearin is determined by the raw materials source.
Palm source raw materials tend to give higher monopalmitin over monostearin
compared to non-palm source.

Emulsifiers related ice cream researches have been comparing performances of
different emulsifiers, such as monoglycerides against polysorbate 80. Little has been
published about variations of monoglycerides, for instance monoglycerides of
different degree of unsaturation. The most common emulsifier studied in ice creams
is the saturated monoglycerides, some included polysorbate 80 as it is believed to
enhance performances (Méndez-Velasco & Goff, 2012b; Granger et al., 2005b;
Zhang & Goff, 2005; Relkin et al., 2003; Bolliger et al., 2000a; Goff, 1997; Gelin et
al., 1994; Barfod et al., 1991). Over the years, the ice cream industry has settled
with a blend of saturated monoglycerides and polysorbate 80 at a ratio of 4:1. While
saturated monoglycerides are in solid form, polysorbate 80 is in liquid form.
Blending the two at the ratio helps keep the emulsifier blend in solid format for
convenient handling. The use of polysorbate 80 is strictly regulated in ice cream. A
maximum dosage of only 0.10% in total formulation is allowed in the European
Union countries. As Polysorbate 80 is present in liquid format, it fails to contribute
to the desirable fat crystallisation during aging of ice cream mix (Goff & Hartel,
2013). As the combination of saturated monoglycerides and polysorbate 80 gave



some degree of unsaturation in the blend, it is worthwhile to investigate its
performances against unsaturated monoglycerides.

The challenges faced by the ice cream industry are divided into two. The first within
the manufacturers capacity, while the other within the distribution channels and retail
landscape which are beyond the control of the ice cream manufacturers. Most
consumers seek for sensation of coldness when consuming ice cream. Little pay
attention to the structure and complexity of the ice cream matrix. Generally, it is fair
to state that consumers’ lack of knowledge in science of ice creams to appreciate its
uniqueness. Not many are aware that a single digit change in temperature for a short
time frame is sufficiently impactful to melt the ice crystals hence affects the quality
of ice cream significantly. As such, analyses of the information collected during
field work in the ice cream industry across the Asia Pacific (AP) region are
structured. The data includes the ice cream composition and ingredients, typical
quality concerns and challenges of the industry. These are based on experiences
handling and troubleshooting production issues along with product development
exercise with ice cream manufacturers across AP region. Nonetheless, the toughest
challenge faced by the ice cream industry is at the distribution channel and retail
landscape level.

1.3 Objectives

The aim of the study was to evaluate the performances of monoglycerides as an
aerating agent in bakery and dairy applications. For bakery applications,
monoglycerides were dosed into cake gel and applied to make sponge cake for
performance evaluations. Cake gel is a common process ingredient in the cake
industry. For dairy applications, ice cream was selected as the media to evaluate the
performances of monoglycerides. The specific objectives of this study were:

1) To evaluate monoglycerides of different monopalmitin (C16:0) to
monostearin (C18:0) ratios in cake gel and measure the effects of the cake
gel at 2.5%, 5%, 7.5% egg weight on sponge cakes by measuring aeration
performances in batter and cakes

i1) To evaluate monoglycerides of different degree of unsaturation in ice
creams at 0.2%, 0.3% and 0.4% total weight and investigate the effects on
aeration enhancement in ice creams

1i1) To investigate effect of unsaturated monoglycerides against combination
of saturated monoglycerides and polysorbate 80 at 80:20 on aeration
enhancement in ice creams

1v) To evaluate and review ice cream markets, formulations, ingredients
choices, typical quality concerns and challenges faced by the ice cream
industry in the AP region



1.4 Scope of study

The current research focused on the use of monoglycerides as aerating agent and
aimed to investigate if the types of monoglycerides affect the aeration rate or product
performances. The types of monoglycerides were applications specific. The two
applications selected were cakes and ice creams. Monoglycerides with the highest
monoglycerides composition in powder format is used in bakery products. Therefore
distilled monoglycerides (DMG) was used for cakes in the present study. Lower
monoglycerides composition is required for ice creams, hence the mono- and
diglycerides (MDG) was used.  Nonetheless, they are all addressed as
monoglycerides in the following discussions.

Monoglycerides require heat to activate its functionality, for example upon baking or
pasteurisation. In cakes, its functionality is needed at batter preparation stage where
no heat is involved. Therefore, cake gels were prepared at laboratory scale to
transform monoglycerides into readily functional format, and applied into sponge
cakes for aeration evaluation at cake batter and final product stage. In cakes,
aeration capabilities of monoglycerides were measured directly. In ice creams,
aeration is more complicated and measured indirectly through emulsion
destabilisation or fat agglomeration rate. This was done through quantification of
amount and size of fat aggregates formed as well as meltdown and heat shock
resistance performance. All ice creams were made with 100% overrun as the amount
of air incorporated has an impact on the meltdown resistance. The ice cream
samples in the present study was prepared following the standard formulation
applicable in the AP region although it did not meet the minimum 10% milk or
vegetable fat level as stated in the Malaysian Food Regulations 1985.

The review chapters consist of analysis of the ice cream industry, comparison of ice
creams formulations and ingredients, and data collected and summarised during
market survey, troubleshooting production issues and product development exercises
with ice cream manufacturers in the Asia Pacific countries such as Malaysia,
Thailand, Indonesia, Philippines, and Australia. This was focused on the ice cream
industry as ice creams are very vulnerable in contrast to cakes. The structure of
cakes is irreversible, but the structure of ice creams would change following the cold
chain conditions.

1.5 Significance of study

Triglycerides are source of making monoglycerides that determines the content of
monopalmitin and monostearin. A monoglycerides with higher monopalmitin
content could be obtained easily from palm raw materials, whereas monoglycerides
with higher monostearin level most often needs triglycerides of non-palm source.
The bakery application part of the study is important to support if palm based
monoglycerides performed as good as non-palm based monoglycerides.



The dairy application part of the study focused on degree of unsaturation of the
monoglycerides. In the recent years, unsaturated monoglycerides has surfaced for
use in ice cream manufacturing for better performance over saturated
monoglycerides. There is potential for unsaturated monoglycerides to impart
benefits similar to when polysorbate 80 is used, which is worth an investigation. The
analysis and review of ice cream industry was written following information
collected during field experiences with great insights. In addition, it was hoped that
the publication of these research chapters will help raise consumer awareness in
appreciations to ice creams.

1.6 Scope of thesis

This thesis is written in a research chapter basis to adapt to the scope of research.
Chapter 1 gives an overview of aerated food and emulsifiers in food applications as
well as introduction to the research and thesis scope. Chapter 2 is literature review
that gives a summary of aerated food and food emulsifiers, in particular
monoglycerides. This chapter focused on cakes and ice creams, including the
development of their structure, processing, compositions and properties.

Chapter 3 is divided into two parts. The first part covers study on applications of
monoglycerides with different monopalmitin to monostearin ratio in cake gels
applied into sponge cakes to investigate aeration performance. The second part
covers the research on effects of saturated and unsaturated monoglycerides in ice
creams, including the blend of saturated monoglycerides and polysorbate 80.

Chapter 4 reviews the ice cream industry in the AP region by analysing the ice
creams markets, formulations and compositions variations by countries. This
chapter includes a summary of typical quality concerns and technical challenges
experienced by the ice cream manufacturers and industry. This chapter was written
based on information and data collected from the field during product development
and production or quality troubleshooting exercise with the ice creams manufacturers.
They portray usage and knowledge application of monoglycerides for improving ice
cream products and overcoming challenges of the ice cream industry.

The last chapter, Chapter 5, summarises all findings in the present study scope, and
recommendations for future research work.
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