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Preface

This is a highly practical book written primarily for three groups who
make their living in the food industry: product development scientists,
quality assurance scientists, and purchasing directors and managers.
University professors who want to impart industry-based practical
knowledge to their students and food science students, especially those
in product development courses can also richly benefit from this work.
For students, the chapters of this book can provide valuable insights
into the results of decades long practical research in developing food
products utilizing hydrocolloids as key components.

Although most of the writers of this book have Ph.D. degrees, and
nearly all of the rest have M.S. degrees, these writers also have decades
oflab, pilot plant, and plant experience in this field. They have combined
a thorough scientific education with the practical hands on experience
required to master this difficult area of practical hydrocolloid appli-
cations. These writers were all chosen because they are the practical
masters in hydrocolloid knowledge in their specific food areas.

How should this book be read? Carefully, thoughtfully, and repet-
itively. Practical hydrocolloid applications can be mastered and once
mastered, provide one of the most valuable job skills in this business.
So many foods depend on thorough mastery of the hydrocolloid compo-
nent and once that is accomplished, the rest of the food product usually
just falls together, literally. Of course there are other specialized knowl-
edge areas that are important to many foods, such as flavor chemistry,
but hydrocolloids even impact flavor quite noticeably. In any case, mas-
tery in this field usually requires many reviews of the same information,
until it becomes second nature.

X



X Preface

Thus, it is recommended that this book be kept in the lab or office,
and read over and over again until it becomes thoroughly familiar. Also,
regardless of the food area that one is employed in, reading all the
chapters in the book will pay good dividends. Each chapter provides
valuable insights into various hydrocolloids and these insights extend
well beyond the specific food applications being discussed. Also, much
ofthe innovativeness in our food industry results from applying concepts
used in one branch of the food industry to another branch of industry.
Finally, it is good to become familiar with other branches of the food
industry because one may be employed there in the future; few jobs are
all that stable in this industry.

Some authors of chapters in this book have referenced many other
sources, some only a few or none. Why is that? The truth of the matter
is much of the key practical knowledge in the hydrocolloid area is
proprietary. Those authors who are employed by various hydrocolloid
suppliers have the approval of their individual company to publish the
material in their chapters that may belong to that company. But even
in those cases some or much of the material in their chapters may be
knowledge they may have picked up in various research assignments
they have had over the course of their careers, in many companies, or
as consultants.

It would be difficult in most cases to reference manuals published
by companies in the hydrocolloid field since the material is so totally
hackneyed. Six different companies that sell a certain hydrocolloid have
almost the identical information in their brochures and that same mate-
rial was already found in publications from 30 years ago of companies
that no longer exist. In any case, much material in this book is new and
has never appeared in print before in any company brochure.

There can be several hydrocolloid combinations that will make qual-
ity, stable food products. Most of the chapter authors try to provide
some of these alternate approaches. In cases where one combination is
suggested there may be other combinations that will also work. In those
cases gaining expertise in how and why one hydrocolloid combination
is particularly effective can stimulate the reader to consider other ap-
proaches as well. That is all part of hydrocolloid learning and mastery.
I would expect that some of the more creative readers of this book will
find new approaches to their specific product development challenges
based on the foundations laid in this volume.



Preface Xi

This book is divided into three sections. The first chapter provides
important general practical concepts in the use of hydrocolloids that are
applicable to many food products. Chapters 2—9 provide food-by-food
specific details in the utilization of hydrocolloids in these various cate-
gories. In most cases, the chapters explain not only how to successfully
use hydrocolloids but most of the keys toward making those food cat-
egories themselves. Thus, the chapters are actually practical guides to
making specific foods. Chapters 10 and 11 provide a thorough guide
to purchasing hydrocolloids, and contain valuable information for pur-
chasing directors, QA scientists, and product development specialists.

It is hoped that this book not only helps significantly in practical ways
in your current and future jobs, but that you begin to glimpse the love
and fascination the complex world of hydrocolloids brings to us who
have labored for so long in this viscous realm.

Thomas R. Laaman
Guaranteed Gums
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Chapter 1

Hydrocolloids: Fifteen Practical Tips

Thomas R. Laaman

Tip One: Dissolving Hydrocolloids—The Influence of Mesh Size

Achieving maximum hydrocolloid functionality in most food products
begins with fully dissolving the hydrocolloid. Particle size or mesh size
is a fundamental issue influencing solubility. The basic principle is that
larger particles, corresponding to a coarser mesh size, such as 40-80
mesh, take longer to dissolve because the water takes longer to penetrate
the dry hydrocolloid particle. A finer mesh particle, such as those that
pass through 120, 150, or 200 mesh screens, takes less time for water
to penetrate and become fully soluble.

However, the converse of this situation is that a coarser size particle
is less subject to lumping, while a finer mesh particle lumps more easily.
Once lumps are formed, achieving full solubility becomes more difficult
and also takes much more mixing to do so.

There are two ways to overcome the potential for lumping for small
particle size hydrocolloids. One is to use high agitation mixing. The
other is to preblend the hydrocolloid with another dry ingredient such
as sugar. By preblending, the hydrocolloid particles are separated from
each other before entering the liquid, thereby minimizing lumping.

In summary, if high agitation is used in dispersing the hydrocolloid
or if it can be preblended with a dry ingredient then fine mesh grades
will allow the most rapid solubility. If mixing is not as vigorous and

Hydrocolloids in Food Processing, Thomas R. Laaman
© 2011 Blackwell Publishing Ltd. and Institute of Food Technologists
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2 Hydrocolloids in Food Processing

the hydrocolloid is not preblended then it is safer to use a coarser mesh
product to avoid lumping, even though this will require more mixing
time to achieve full solubility.

Tip Two: Dissolving Hydrocolloids—The Influence
of Temperature

Some hydrocolloids require heat to dissolve. In these cases, it is impor-
tant to know exactly how much temperature is required for the exact
grade being used. There can be a substantial difference in the required
temperature based on other ingredients, especially ions. Thus, it is im-
portant to heat the food product to different temperatures and determine
the minimum temperature to achieve full functionality, in terms of max-
imum viscosity, gel strength, or stability of the food product.

Temperature should be measured carefully. First, the thermometer
or thermal probe being used must be precise and accurate. Mechanical
thermometers are especially notorious for requiring frequent calibration
to ensure accuracy. Another issue can be that the product mixing is not
sufficiently vigorous during heating, allowing pockets of higher or lower
temperature. This must be ascertained by moving the thermometer or
thermal probe around to different locations in the mix to determine
if temperature gradients exist. The minimum temperature achieved in
any part of the mix should be the benchmark used to determine if the
temperature is adequate.

One contrary thought is important to add. Although it is important
to achieve full functionality of a hydrocolloid, it is also true that some
hydrocolloids can be partially degraded by excessive heat, for example,
guar gum. Some other hydrocolloids may be degraded if there is a
combination of heat and acid, for example, carrageenan. Therefore,
the heating should be adequate to fully dissolve all the hydrocolloids
and thus gain full viscosity, but not high enough that the viscosity is
decreased due to partial hydrolysis of the hydrocolloid.

Tip Three: Dissolving Hydrocolloids—The Influence of Cations

Some hydrocolloids are not highly influenced by ions (except at very
high ion concentrations), for example, agar, xanthan gum, guar gum, and
locust bean gum. Several others are influenced in their solubilization by
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ions. These include sodium alginate, carrageenan, pectin, gellan gum,
and sodium carboxymethyl cellulose (CMC). In these cases divalent
cations and in some cases monovalent cations can influence the ability
of the hydrocolloid to dissolve.

Calcium is the major issue for sodium alginate, v-carrageenan, low-
methoxy pectin, and gellan gum. Potassium is the major issue for
k-carrageenan, and sodium chloride can inhibit full viscosity devel-
opment for CMC for certain grades. Options to circumvent reduced
solubility include the following procedures.

First, the ions can be added to the food product after the hydrocolloid
has been dissolved. Second, for gums such as carrageenan, where the
ions are present with the gum powder, solubility can be achieved by
heating to a higher temperature.

Third, for calcium, sequestrants can be added to bind these ions,
at least temporarily, to allow the gum to dissolve. If water used in
the processing plants is naturally quite high in calcium, this approach
may be necessary if the water is not pretreated to remove these ions.
Sequestrants include phosphate compounds such as sodium hexam-
etaphosphate, tetrasodium pyrophosphate, and dipotassium phosphate
and also citrates.

Fourth, also for calcium, it is possible to add in very low solubility
forms, thus largely delaying the calcium going into solution until after
the gum has dissolved. Tricalcium phosphate is a very slow-dissolving
calcium source, and dicalcium phosphate is also quite slow, the anhy-
drous form being slower than the dihydrate form.

Tip Four: Gelling Hydrocolloids—The Effect of Temperature

Some hydrocolloids gel by simply cooling a hot solution. Agar and
gelatin are the prime examples. Others gel after cooling, but also require
ions to be present. These include k- and -carrageenan, low-methoxy
pectin, and gellan gum. High-methoxy pectin gels after cooling in a low-
pH or high-sugar environment. Methyl cellulose forms and maintains a
gel only while it is being heated.

The first significant aspect is to make sure the gum has been given
enough heat to fully dissolve, as discussed in Tip two. Whatever amount
of gum is left undissolved will not contribute to the final gel proper-
ties. Only fully dissolved gum will gel when cooled. The exact gelling
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temperature will vary by the product and grade in a similar fashion as
the solubility temperature varies. But this is generally less significant
since eventually the product will generally be cooled to at least room
temperature and fully gel.

The key item to remember when gel formation is occurring during
cooling is whether the gel will be broken apart during gel formation or
left intact. «-Carrageenan has some gel “healing” properties, but most
gums will not reform a gel well when the gel is broken up by agitation
or motion during gelling. For most products, it is imperative that the
gelled product is placed into a quiescent situation when the critical
gelling temperature is near to being reached. For products where a
disrupted gel is sought, it is still important to make sure that disruption
occurs in a way to facilitate the exact product texture desired. This may
require some experimentation.

There are cases where a semi-gelled structure is sought and in those
cases mixing during cooling is often acceptable. One interesting ex-
ample is the use of k-carrageenan to suspend cocoa powder and also
provide some mouthfeel in chocolate milk. If there is no mixing during
the gel formation stage, the cocoa powder will completely settle out. If
the product is mixed during cooling, the k-carrageenan will be able to
begin to suspend the cocoa as its weak gel begins to form. In this case
the disruption of the gel by mixing is not a negative since the texture
and stabilizing functionality that is desired is achieved.

Tip Five: Gelling Hydrocolloids—The Influence of Cations

Cations are needed for gelation of many hydrocolloids. Those requiring
heating and cooling simply need adequate amounts of the appropriate
cation to fully gel. Some cations may be present in the hydrocolloid
powder, some in the other ingredients used to make the food, and some
may be added to ensure that an adequate amount is present. Generally,
enough should be added to get maximum gel strength, especially if it is
a gelled product. If the gel is too strong then it is more economical to
reduce the amount of the hydrocolloid used than to have the hydrocolloid
starved for gelling ions.

An exception to this principle is when a semi-gelled-type product is
sought. This type of product would generally be not seen as a fully gelled
product but as something pourable, such as a sauce. However, some



