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Dear Colleagues,

The key to success is planning and executing research programs with
partners.  This has been an exciting year for CDR due to industry teams/
consortia actively participating with us in the areas of milkfat fraction-
ation, cheese as a food ingredient, and safety and quality.  In addition,
DMI’s planning of national dairy research included industry, WMMB, and
the Centers in an unprecedented effort to gain total buy-in from the
researchers and the users of the developed technologies.

Development of a totally coordinated national research program will
benefit all those involved, especially the major investors - the dairy
producers of the U.S.  Thank you for your continued support.

Sincerely,

J. Russell Bishop, Ph.D.
Director, Wisconsin Center for Dairy Research
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Wisconsin Center for Dairy Research Staff

Top Row: Bill Tricomi, Amy Dikkeboom, Tom Rowe, Kristen Houck, John Jaeggi, Tom Szalkucki
Middle Row: Brian Gould, Carmen Huston, Sarah Quinones, Carol Chen, Karen Paulus, Rusty Bishop
Bottom Row: Dave Bogenrief, Kerry Kaylegian, Linda Hewitt, Mark Johnson

Missing: Jim Path, Marianne Smukowski
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CDR was established in 1986 to:

•  Provide technical expertise to strengthen the economy of the dairy industry

•  Re-establish a focus on dairy research at University of Wisconsin-Madison

•  Foster multidisciplinary research and transfer information and technology

•  Integrate milk production, processing and marketing research

The Center for Dairy Research

CDR structure
CDR is organized into three functional areas — administration, research, and communications. Three
committees composed of both industry and academic representatives assist with administration and
research planning.

CDR staff
Director —  J. Russell Bishop, Ph.D.
Assistant Director —  Tom Szalkucki
Carmen Huston, program assistant supervisor
Linda Hewitt, program  assistant 2
Sandra Sekel, program  assistant 2

Research staff
David Bogenrief, researcher
Kurt Carlson, research specialist
Carol Chen, researcher
Amy Dikkeboom, research specialist
Brian Gould, senior scientist
Kristen Houck, research specialist
Barbara Ingham, research specialist
John Jaeggi, associate researcher
Mark Johnson, senior scientist
Kerry Kaylegian, researcher
Christian Kirk, research specialist
Jim Path, outreach specialist
Marianne Smukowski, research specialist
William Tricomi, assistant researcher

Communications
Dawn Hyatt, program assistant
Karen Paulus, editor
Sarah Quinones, outreach program manager
Tom Rowe, management information specialist
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The Research Program
CDR sponsors a diverse range of research on dozens of dairy topics including disciplines from genetic
engineering to economics.  However, the CDR research program focuses on four areas: 1) demand and use
for milkfat, 2) developing new applications for nonfat milk components, 3) cheese technology, and 4) dairy
foods safety and quality.

Communications
Information and technology transfer is an esssential component of CDR. CDR's communications program
provides publications, workshops, seminars, conferences, and scientist exchanges.

Committees
Administrative Committee
The Administrative Committee is responsible for policy formulation and appointment of the CDR Director.
Its members (FY 1995-1996) are:

J. Russell Bishop, CDR
Joe von Elbe, Dept. of Food Science
Janet Greger, Graduate School
Neal Jorgensen, College of Agricultural and Life Sciences
Leslie Lamb ,WMMB
Linda Racicot, DMI
Tom Szalkucki , CDR

Technical Advisory Committee
The Technical Advisory Committee (TAC) plans the CDR research program, and evaluates and approves
research projects for scientific merit. Members (FY 1995-1996) include:

Bishop, J. Russell, Wisconsin Center for Dairy Research
Blaska, Gregory, DMI and WMMB
Bremel, Robert, Department of Dairy Science
Bumbalough, John, Land O’ Lakes
Burrington, David, Wisconsin Milk Marketing Board
Dobson, William D., Dept. of Agricultural Economics
Etzel, Mark, Dept. of Food Science
Geyer,James, Foremost Farms
Hartel, Richard, Department of Food Science
Hill, Charles, Dept. Chemical Engineering
Johnson, Eric, Dept. of Food Microbiology & Toxicology
Johnson, Mark, Center for Dairy Research
Jorgensen , Neal , College of Agricultural & Life Sciences
Krug, David, DMI and WMMB
Lindsay, Robert, Department of Food Science
Muck, George, Dean Foods
Ney, Denise, Dept. of Nutritional Sciences
Olson, Norman F., Department of Food Science
Racicot, Linda, DMI
Rose, David, WMMB
Sellars, Robert, R. L. Sellars & Associates, Inc.
Szalkucki, Thomas, Wisconsin Center for Dairy Research
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Industry Advisory Committee

The Industry Advisory Committee determines the best methods for commercial investment in CDR
projects. Committee members bring an industry perspective to research planning, including a commercial
view of the interaction between R&D, marketing, and economics. They include (FY 1995-1996):

Bishop, J. Russell, Wisconsin Center for Dairy Research
Burrington, David, Wisconsin Milk Marketing Board
Bush, Robert, Schreiber Foods, Inc.
Byrne, Rob, National Cheese Inst/Amer Butter Inst.
Cobian, Francis, Lake O' Lakes
Cords,  Bruce, Klenzade/Ecolab Research Center
Crawford, Robert, Borden Foods, Inc.
Geyer, Jim, Foremost Farms
Kasten, James A., AMPI-Morning Glory Farms
Kozak, Jerry, Nat Cheese Inst/Amer Butter Inst
Krug, David, WMMB
Lamb,  Leslie, Wisconsin Milk Marketing Board
Legreid, Bradley, Wisconsin Dairy Products Association, Inc
Lemmenes, Larry, Alto Dairy Coop
Mathison, Matt, Systems Bio Industries, Inc.
Muck, George, Dean Foods
Nilsestuen, Rod, Wisconsin Federation of Coops
Racicot, Linda, DMI
Rank, Tom, Chr. Hansen’s Laboratory
Rose, David, WMMB
Rice, Harold, DMI
Sellars, Robert, R. L. Sellars & Associates, Inc.
Sommer, Dean, Alto
Storhoff, Donald, Foremost Farms
Umhoefer, John, Wisconsin Cheese Makers Assoc.
Wagner, Dr. Richard, Weyauwega Milk Products
Weiss, Ronald, FRI
Wuethrich, Dallas, Grassland Dairy Products, Inc.
Yaghoubian, Dr. V. Edward, DMI

Program Area Coodinators

Cheese Technology— Robert Lindsay, Dept. of Food Science, University of WI-Madison
Mikfat Utilization—Rich Hartel, Dept. of Food Science, University of WI-Madison
Nonfat Solids Utilization—Mark Etzel, Dept. of Food Science, University of WI-Madison
Quality and Safety—Eric Johnson, Food Research Institute, University of WI-Madison



Chapter 1

Summary

Milkfat Research
Although fractionation continues to be a primary feature of CDR’s milkfat program,
modifying milkfat is also an important approach to produce value added milkfat products.
Charlie Hill and his fellow researchers improved the purification and control of pregastric
esterases to produce lipolyzed butteroil. Their immobilized reactor system uses a higher
purity enzyme system which can provide better control of the finished product at a lower
cost when compared to the use of free enzyme. An immobilized enzyme can also prevent
undesirable continued enzymatic activity in the finished product.

In another example of value added milkfat modifications, Parkin and his group have used
enzymes to produce emulsifiers from butteroil. These emulsifiers have physical and
functional properties similar to commercial monoacylglycerides (MAG). In an associated
project, the MAG butteroil derived emulsifiers were compared to commercial MAG in ice
cream and they functioned well.

Despite the imminent commercial introduction of milkfat fractions in the US, CDR
researchers continue to investigate the underlying principles of suspension-type melt
crystallization, which is the process used to produce fractions. Currently, much of the
equipment scaling and process parameters are a combination of “art” and science. Re-
search conducted by Hartel and others will improve understanding of the process, which
builds the science base. Hartel and Ulrich are also investigating surface-layer melt crystal-
lization as a method to improve the separation efficiency between solid and liquid phases
for milkfat fraction production.

Milkfat fractions impart specific desirable characteristics to food. Determining the
benefits of using milkfat fractions continues to be an important part of CDR’s milkfat
fractionation program. Research on dairy spreads, chocolates, baked goods and other
products is providing the technical information to use fractions to improve products. To
aid these investigations, milkfat fractions are now being produced in Babcock Hall with
the new fractionation pilot plant. This unit will allow us to produce milkfat fraction
samples for industry, as well as university researchers.

Technology transfer

Milkfat Technology Forum, April 23-24, 1996
CDR Open House, March 27, 1996
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FINAL REPORT

Use Of Pregastric Lipases Immobilized In A Hollow
Fiber Reactor To Produce Lipolyzed Dairy Products

Personnel:  Charles G. Hill, Jr., professor of Chemi-
cal Engineering; Dr. Hugo S. Garcia, visiting
scientist, associate professor, Department of Food
Technology, Centro de Graduados, Instituto
Tecnologico de Veracruz, Veracruz, Mexico; Louis
Lessard, research assistant, Department of Chemi-
cal Engineering; Souheil Ghannouchi, research
assistant, Department of Chemical Engineering.

Dates: July 1994 – June 1996

Funding: Dairy Management Inc. HLL 95

Objectives

1. Generate experimental data to characterize the
rates of the lipolysis reactions constituting the
reaction networks of interest. Determine the effects
of temperature and pH on both the overall rate of
hydrolysis and reaction specificity for each lipase of
interest.

2. Use these kinetic data to develop both
uniresponse and multiresponse mathematical
models of the reaction network to use in process
design and simulation, control, and optimization
analyses. Both intrinsic kinetics (including inhibi-
tion effects) and enzyme deactivation effects will
be quantified.

Summary

Our efforts on this project involved two aspects:

1. Developing a protocol for purifying and immobi-
lizing pregastric esterases derived from the salivary
tissue of calves, lambs and kid goats. These en-
zymes are of particular interest because of  their
high specificities for release of short chain fatty
acids from fats and oils.

2. Use of the indicated immobilized enzymes to
hydrolyze butteroil using a hollow fiber reactor

configuration. This involves generating kinetic data
and developing mathematical models to fit these
data.

This project will continue using funds from
Professor Hill’s NSF grant in order to obtain
complementary information which will facilitate
further development of this technology.

Purification Studies

The crude enzyme preparations obtained from a
commercial source were purified prior to immobili-
zation. This purification process gives a specific
activity which is an order of magnitude greater
than the commercial precursor. It consists of the
following steps:

1. Refrigeration of a suspension of the crude tissue
preparation in a phosphate extraction buffer to
facilitate dissociation of the esterases from the large
hydrophobic proteins with which they are normally
associated in the salivary tissue.

2. Centrifugation of the suspension, followed by
microfiltration through a 0.2 µm membrane to
remove suspended solids.

3. Ultrafiltration of the permeate from step 2 using
a membrane characterized by a molecular weight
cutoff value of 30,000 daltons.

The resultant concentrated solution of the enzyme
possesses a much higher enzyme activity per unit
of soluble protein than its precursors. In previous
publications we have described how to use this
solution to immobilize the esterase via physical
adsorption on the polypropylene hollow fibers
contained within the reactor. This approach
drastically improves the efficacy of fatty acid
release. Figure 1 depicts the free fatty acid content
of the effluent butteroil stream as a function of the
space time (residence time) of the butteroil in the
reactor. The closed circles represent data obtained
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using an esterase purified by the protocol described
above. The smooth curve represents the best fit
curve through data obtained using an earlier
protocol for purification of the esterase. The
marked improvement in the performance of the
reactor implies that if this technology is used,
significantly shorter contact times would be
required to achieve the concentrations of free short
chain fatty acids characteristic of commercial
lipolyzed butteroil products. Using this approach,
one could take advantage of the economic benefits
of employing immobilized enzyme technology to
produce a lipolyzed butteroil rather than the free
enzyme process traditionally employed by com-
mercial manufacturers of such products.

Note that the stabilities of the immobilized en-
zymes generated via our current protocol are
sufficient for the proposed commercial application.
In an experiment involving continuous operation at
45°C for a week, there was no significant change in
the effluent composition during the course of the
experiment. There was no statistically significant
change in the activity of the immobilized calf
pregastric esterase during the week.
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FIGURE 1. Production of free fatty acids by the hollow fiber reactors loaded with calf PGE (a)
and kid PGE (b). The solid lines correspond to the best fits of  kinetic data obtained using an
immobilized enzyme purified using only microfiltration while the closed circles correspond to
immobilized enzymes purified via both microfiltration and ultrafiltration.

Kinetics Studies

We have characterized the kinetics of the lipolysis
of butteroil in the presence of immobilized forms of
three pregastric esterases. In this work butteroil
and McIlvane buffer flow in concurrent fashion
through the shell and tube sides of a hollow fiber
reactor. The enzyme is immobilized within the
walls of the porous propylene which constitutes the
hollow fibers. The reactor configuration can be
viewed as a miniature version of a shell-and-tube
heat exchanger. We have probed the effects of
reactor space time (fluid residence time), pH,
temperature and type of enzyme on both the total
amount of free fatty acids released and the distri-
bution of fatty acids. Some of these results are
described in manuscripts submitted for publication
in archival journals or presentation at professional
society meetings. Representative results for these
pregastric esterases are described below.
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Effect of pH on the fatty acid
specificity of immobilized kid goat
pregastric esterase.

For the kid goat esterase, the optimum operating
temperature is 40°C. Data for the total concentra-
tion of free fatty acids in the reactor effluent for
operation at this temperature are presented in
Figure 2. These data indicate the effects of reactor
space time and pH on the overall extent of reaction.

Inspection of Figure 2 indicates that the effects of
pH become more evident at space times longer
than 5 hours. At space times of less than 4 hours the
differences in conversion at different pH values
were relatively small. A first order kinetic model
developed by our research group was employed in
the regression analysis of the data to obtain the
smooth curves in Figure 2.

Figure 2. Effect of pH on the overall extent of hydrolysis of butteroil at various reactor space
times.
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Analyses for individual free fatty acids in the
reactor effluent indicated that butyric acid is
released faster at pH 6.0 than at pH 5.0 or 7.0. For
the range of space times we investigated, medium
and long-chain fatty acids were released to only a
limited extent. A good criterion for assessing flavor
balance involves calculating different ratios of free
fatty acids. Ratios of particular interest (C4/C8, C4/
C6, C6/C8, and C4/C12) are presented in Table 1.
The first two ratios can be used as a measure of
desirable flavor and flavor notes. Statistical analysis

by ANOVA and Fisher’s paired test indicated that
the differences in the ratio C6/C8 at the three pH
values were not statistically significant. High values
of C4/C6 and C4/C8 correspond to intense, but
desirable, flavors. By contrast, low values of the
ratio C4/C12 can be used as an indication of soap
like (undesirable) flavors associated with an
excessive amount of C12. In our work, the ratio C4/
C6 remained substantially constant as the space
time increased whereas the ratio C4/C8 increased.
However, the latter ratio approached an asymptotic
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value for space times in excess of ca. 1 hour. The
main advantages of our immobilized configuration
include facilitating continuous production of
lipolyzed butteroil to give a relatively constant
composition of the effluent and permitting users to
adjust the reactor space time to allow strict control
of the extent of lipolysis.

The free fatty acid compositions of three commer-
cial LBO samples are presented in Table 2. These
samples were probably prepared with either calf,
kid or lamb PGE. This table also contains data for
two different effluent streams from our reactor.
These two samples were selected because they
contain concentrations of free butyric (C4)

Table 1. Average ratios of fatty acids for reactor space times from 1 to 17 hours at three
different pH values. Different superscripts indicate statistically different ratios as calculated
by ANOVA (p<0.05).

Ratios of fatty acids pH 5 pH 6 pH 7

C4/C6 1.79ab 1.91a 1.45b

C4/C8 4.06cd 4.77c 2.96d

C6/C8 2.34e 2.39e 2.07e

C4/C12 5.07f 6.49g 3.97f

Table 2. Free fatty acid compositions (µmol/mL) of three different commercial LBO’s and
two samples obtained from the immobilized kid PGE that contain similar amounts of C4-
C6 fatty acids.

Fatty Acid pH 5,5.2 h LBO-95  LBO-50 pH 6, 11.8 h  LBO-110

C4 54.14 55.83 66.63 85.18 80.05

C6 24.88 21.83 47.09 37.68 43.30

C8 8.87 12.60 30.16 11.89 26.68

C10 11.94 19.02 43.92 14.86 40.40

C12 7.74 15.37 38.23 10.27 36.97

C14 8.26 31.83 130.6 11.83 114.5

C18:2 ** 18.61 51.6 ** 45.44

C16 8.91 34.0 154.6 12.58 138.7

C18:1 11.23 32.65 136.9 14.49 136.5

C18 4.71 10.23 36.35 5.24 31.19

C4/C6 2.17 2.56 1.41 2.26 1.85

C4/C8 6.10 4.43 2.21 7.16 3.00

C6/C8 2.80 1.72 1.56 3.17 1.62

C4/C12 6.99 3.63 1.74 8.29 2.16

SC4-C10 99.83 109.28 187.80 149.61 151.43

SC12-C18 40.85 142.69 548.28 54.41 503.3

** not detected
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 and caproic (C6) acids similar to those of the LBO
samples located to their right. By varying the
operating pH, you can produce effluents with
dissimilar fatty acid profiles. Similarities between
the LBO’s and the immobilized PGE product should
be further validated by performing analyses for the
volatile free fatty acids (straight and branched
chain fatty acids) as well as nonacidic components.

It is worth noting that our samples contained
significantly less C12 than the corresponding LBO.
This suggests that our lipolyzates could have
cleaner and less soapy flavor tones than the com-
mercial products. Inspection of the tabular entries
for short (C4-C10) and long (C12-C18) chain fatty
acids, reveals very substantial differences in the
long chain fatty acid contents of our products and
the corresponding commercial LBOs, even though
the concentrations of short chain fatty acids are
comparable. The commercial LBO’s are character-
ized by elevated concentrations of C12-C18 fatty
acids. Although the same enzymes may have been
used to prepare both types of samples, there is a
marked difference in the selectivities of these
enzymes for release of short chain fatty acids.

It is clear that the immobilized PGE system permits
you to tailor the product composition by selecting
operating conditions; however, detailed sensory
assessment of the products for dairy type flavors
remains to be acomplished. Also, it will be neces-
sary to analyze for the presence of other volatile
compounds contributing to specific flavor notes
characteristic of lipolyzed dairy products.

Kinetic behavior of the immobilized
lamb pregastric esterase

For the immobilized lamb pregastric esterase, the
effects of temperature and pH on the total quantity
of free fatty acids released during hydrolysis of
anhydrous butterfat  are shown in Figures 3 and 4,
respectively. Even though the starting enzyme was a
crude extract, fatty acids are released to the extent
of 450 µmoles per mL of butterfat at a space time of
15 hours. This release corresponds to approxi-
mately 20% of the total number of fatty acid
residues present in the original butterfat. In order
to generate the data necessary for the reactor

modeling studies, experiments were conducted at
several different values of pH and temperature. In
most cases, the effects of temperature and pH on
the rate of reaction were readily distinguishable,
even at short residence times (or holding times for
the batch reactor). We selected the ranges of
temperature and pH to investigate on the basis of
earlier work with immobilized lipases and the
observation that the activity of the lamb esterase
decreases markedly for pH values less than 5 and
greater than 6.5. Both hollow fiber and batch
reactor experiments indicated that the optimum
conditions (maximum conversion) correspond to a
pH of ca. 6.0 and a temperature of 45°C. At tem-
peratures above 45°C, thermal deactivation of the
enzyme adversely affects the rate of the hydrolysis
reaction.

A mathematical model based on Michaelis-Menten
kinetics and a ping pong bi bi mechanism provides
an appropriate fit of the data. When the reactor was
operated continuously at 45°C for six consecutive
days, the immobilized enzyme did not suffer any
appreciable loss of activity. Hence the immobilized
lamb pregastric esterase appears to be sufficiently
stable for industrial use in this application. Note
that we observed clogging of the hollow fibers after
long space times (high conversions). This problem
is attributed to precipitation of fatty acids (with
high melting points) whose solubility limits were
exceeded. You can avoid this problem by periodi-
cally operating at high flow rates to flush the
crystals from the reactor, or by operating at lower
conversions. We are currently in the process of
analyzing the HPLC data from the multiresponse
experiments in order to determine the operating
conditions that optimize the release of those fatty
acids which are primarily responsible for genera-
tion of the desired flavor notes.

Kinetic behavior of the immobilized
calf pregastric esterase

For the calf pregastric esterase, the method of
purification and immobilization was optimized in
order to  maximize the activity retained within the
hollow fiber reactor. Optimum operating conditions
are a buffer pH of 6.0 and a temperature of 40°C.
Under these conditions, the half-life of the enzyme
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was 70 hours, and the maximum amount of fatty
acids released was 120 µmoles per milliliter of
milkfat at a reactor space time of 20 hours. These
conditions correspond to release of approximately
5% of the total number of fatty acid residues. Under
these conditions, the amount of butyric acid
residues released was 50 µmoles per milliliter of
milkfat, a result which corresponds to release of ca.
60% of the original butyric acid residues.

Because the pregastric esterase has a high specific-
ity for releasing short chain fatty acids, the long
chain fatty acids in the lipolyzed butterfat are
present at very low concentrations (less than 10
µmol/mL of fat). A new HPLC method has been
developed to analyze long chain fatty acids at these
low concentrations. Kinetic data for the lipolysis
reaction at 40°C have also been collected at pH
values of 4.0, 5.0, 6.0 and 7.0 for the calf pregastric
esterase. The optimum pH for the hydrolysis
reaction is near pH 6.0.

Significance to the dairy industry

The use of immobilized enzyme technology to
produce lipolyzed butter oils offers several advan-
tages over the conventional batch process based on
the use of soluble enzymes. From an economic
standpoint, you can produce far more product per
unit of enzyme. In addition, using immobilized
lipases offers the potential to develop products with
unique sensory, functional, or nutraceutical
properties by using lipases with different specifici-
ties, either alone or in combination with one
another.

Hydrolysis and interesterification reactions repre-
sent techniques to manipulate the chemical
composition of milkfat to design foods with
specified physiological functions. There is a
growing awareness of the role of foods in human
health. These reactions can replace undesirable
fatty acids in the triglycerides of milkfat with
residues which have positive physiological benefits
to produce nutraceuticals or pharmafoods. For
example, investigators have attributed
anticarcinogenic and antioxidant properties to
conjugated linoleic acids. The modified milkfat
products of interest thus have significant dietary

implications with respect to nutrition, flavor
generation, and potential anti-cancer activity. Using
immobilized lipases offers the intriguing possibility
of producing specially designed foods for selected
segments of the population – particularly individu-
als who are especially health conscious from a
dietary standpoint or are high risk candidates for
cardiovascular, hypertensive, or other health
problems. These products represent a very signifi-
cant long term marketing opportunity for the dairy
industry.

Publications/Presentation

Manuscripts accepted for publication

“Immobilization of Pregastric Lipases in a Hollow
Fiber Reactor for Continuous Production of
Lipolyzed Butteroil,” by H.S. Garcia, A. Qureshi, L.
Lessard, S. Ghannouchi, and C.G. Hill, Jr.,
Lebensmittel-Wissenschaft und Technologie, 28, 253
(1995).

“Improving the Continuous Production of
Lipolyzed Butteroil with Pregastric Esterases
Immobilized in a Hollow Fiber Reactor,” by H.S.
Garcia and C.G. Hill, Jr., Biotechnology Techniques, 9,
467.

“Bioseparacíon e Immovilizacíon de Esteras
Pregástericas para la Produccíon de Grasa Butírica
Lipolizada,” by H.S. Garcia and C.G. Hill, Jr., in
Fronteras en Biotecnología y Bioingeniería (E.
Galindo, editor), Sociedad Mexicana de
Biotecnología, A.C., Mexico City, 1996 (in press).

Manuscript Submitted for Publication

“Effect of pH on the Fatty Acid Specificity of
Immobilized Kid Goat Pregastric Esterase,” by H.S.
Garcia and C.G. Hill, Jr., submitted for publication
in Biotechnology Techniques.

Presentations at Professional Society Meetings

“Production of Lipolyzed Butteroil by Immobilized
Calf and Kid Goat Lipases,” by H.S. Garcia and C.G.
Hill, Jr., presented at the 90th Annual Meeting of the
American Dairy Science Association, June 25-28,
1995, Ithaca, New York.
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“Production of Lipolyzed Butteroil by Immobilized
Lipases,” by H.S. Garcia and C.G. Hill, Jr., invited
paper presented at the Symposium on
Bioseparations, Ixtapa, Mexico in September, 1995.

“Effect of pH on the Fatty Acid Specificity of
Immobilized Kid Goat Pregastric Esterase,” by H.S.
Garcia and C.G. Hill, Jr., presented at the Annual
Meeting of the Institute of Food Technologists,
June, 1996.

 Papers Submitted for Presentation at Professional
Society Meetings:

“Membrane Reactors:  Ceramic Modules and
Immobilized Enzyme Systems,” by C.G. Hill, Jr., F.
Tiscareño-Lechuga, F.X. Malcata, K.E. Rice and
M.A. Anderson, invited paper to be presented at the
October, 1996 meeting of the Congreso
Mediterráneo de Ingeniería Química.

“Hydrolysis of Naturally Occurring Fats and Oils by
Esterases Immobilized in a Hollow Fiber Reactor,”
by C.G. Hill, Jr., H.S. Garcia, K.E. Rice, F.X. Malcata,
L. Lessard, and S. Ghannouchi, invited paper to be
presented at the 6th Biochemical Engineering
Conference, September 1996 at the Korea Advanced
Institute of Science and Technology.

“Kinetics of the Lipolysis of Butteroil in a Hollow
Fiber Reactor Containing an Immobilized Esterase,”
by S. Ghannouchi and C.G. Hill, Jr., paper submitted
for presentation at the November 1996 AIChE
meeting.

Seminars

“Hydrolysis of Milkfat by Lipase Immobilized in a
Hollow-Fiber Membrane Reactor,” presented at The
University of Illinois at Chicago, Department of
Chemical Engineering, April 7, 1995.

“Recent Research Results Concerning the Produc-
tion of Lipolyzed Butteroils Via Immobilized
Enzyme Technology”  Presented to a review panel
consisting of industry representatives and research-
ers concerned with the Milkfat Fractionation and
Utilization program of the University of Wisconsin
Center for Dairy Research, the “Milkfat Industry
Team” (May 26, 1995).

“Chemical Modification of Milkfat Via Immobilized
Enzyme Technology”, Milkfat Fractionation and
Utilization Conference sponsored by the University
of Wisconsin Center for Dairy Research (April,
1996).
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VISITING SCIENTIST REPORT

The Effect of pH on the Fatty Acid Specificity of
Pregastric Esterase from Kid Goat

Personnel: Hugo S. Garcia, visiting scientist,
Instituto Tecnologico de Veracruz, Veracruz, Mexico,
Charles Hill, professor, Dept. of Chemical Engineer-
ing

Dates: June – July 1995

Objectives

1. Examine the influence of pH on the specificity of
one of the enzymes currently used by the flavor
industry, the kid goat pregastric esterase.

Summary

Work done during the 1993-1995 time frame has
provided valuable information on procedures for
partial purification of pregastric esterases and
immobilization of these enzymes. In the summer of
1995 our primary focus was an examination of the
influence of pH on the specificity of one of the
enzymes currently used by the flavor industry, the
kid goat pregastric esterase. The relative rates of
release of various fatty acids during lipolysis
catalyzed by this enzyme at 40 ºC in a hollow fiber
reactor were measured by HPLC using the method
published previously by our group. Total fatty acids
released were also monitored by alkali titration.

The reactor and procedures used in the indicated
research were the same as those described in
previous publications: We employed space times as
long as 13 hours and buffer pH values of 5, 6 and 7.
Previous work indicated that this pH range corre-
sponded to the highest activities of the immobi-
lized enzyme. Measurement of the total amount of
fatty acids released indicated that  the highest
conversions were obtained at pH 6.0.  The differ-
ences were more evident at space times longer than
5 hours. The differences in conversion were quite
small at  space times of less  than 4 hours.

Analysis of individual free fatty acids in the reactor
effluent indicated that butyric acid is released faster

at pH 6 than at pH 5 or 7 and that medium and
long-chain fatty acid residues were released to only
very limited extents for the range of space times
investigated. A good criterion for assessing flavor
balance involves calculating different ratios of free
fatty acids, for example C4/C8 and C4/C12. The first
ratio provides a measure of a desirable flavor and
flavor notes can be defined by the range of this
ratio. High values of C4/C8 correspond to an
intense, but desirable flavor. By contrast, low values
of the ratio C4/C12 can be used as an indication of
soapiness or undesirable flavors arising from the
presence of an excessive amount of C12.

The C4/C8 ratio increased with increasing space
times. However, the ratio approached an asymptotic
value for space times in excess of ca. 1 hour.
Comparison of the ratios obtained while operating
with different buffer solutions indicated that
hydrolysis at pH 6 gave C4/C8 and C4/C12 ratios
(4.77 and 6.49, respectively) which differed from
those obtained at  pH 5 (4.06 and 5.06) and 7 (2.96
and 3.97). These differences indicate that the same
enzyme/substrate system can be employed to
produce significantly different and distinct flavor
profiles under slightly different reaction conditions.
This result requires further assessment by the users
of this technology to modify the flavor profiles of
their products without having to make substantial
changes in their processing conditions. Comparison
of the free fatty acid contents and pertinent product
ratios for our effluent with those of commercial
LBO samples provided by SANOFI indicated that
the commercial LBO’s contained large amounts of
free medium and long chain fatty acids. In some
cases, e. g., stearic acid (C18), oleic acid (C18:1),
palmitic acid (C16) and myristic acid (C14),  the
concentrations of these fatty acids were an order of
magnitude or more greater that the concentrations
present in our product. Although the C4/C8 ratios
of two of the three LBO’s were similar to those of
our products, the C4/C12 ratios of our products
were always more favorable. This result may imply
that our lipolysates may be characterized as
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“cleaner” dairy flavors than the commercial
samples.  However, this statement will have to be
validated by strict sensory evaluation tests involv-
ing both lipolysates.

In a different series of experiments, the second
retentate of the kid lipase was subjected to size
exclusion chromatography.  Most of the lipolytic
activity was associated with the fraction corre-
sponding to proteins with molecular weights
greater than 100,000. Separations of the same
second retentate using ultrafiltration membranes
with nominal molecular weight cutoff values
(equivalent to pore sizes) of 300,000 and 100,000.
The permeate obtained by centrifugation did not
contain any measurable lipolytic activity.  This
result implies that in the light of the known mo-
lecular weight value for pregastric esterases (ca.
43,000 as determined by SDS-PAGE), the kid
salivary lipases used in our studies are likely to be
present in oligomeric forms. Thus, the use of
ultrafiltration membranes with a molecular weight
cutoff values greater than 30,000 is sufficient to
effect the concentration step.  We suggest using
membranes with a nominal cutoff of 100,000. This
approach provides higher transmembrane flow
rates which would make the preparation process
more efficient.

Significance to the dairy industry

Results obtained in the summer of 1995 indicate
that detailed work is needed to model the selectiv-
ity of the kid pregastric esterase with respect to pH.
Subtle changes in process conditions, such as a pH
unit change of one, lead to different fatty acid
profiles which, in turn, may lead to different
products with different sensory properties.

The free fatty acid profiles obtained with the
immobilized lipase reactor contained a much lower
proportion of medium and long chain fatty acids
than those of commercial LBO samples. This fact
implies that the flavor profiles obtained with the
immobilized form of the enzyme are “cleaner” than
those of products obtained using the same enzyme
in its free form with longer reaction times.

The observation that the kid goat pregastric
esterase exists in oligomeric form should allow the
use of ultrafiltration membranes, with a molecular
weight cut-off of 100,000 da., during the purifica-
tion procedure. Such membranes will allow one to
achieve higher values of both the transmembrane
fluxes and the specific activity of the concentrated
enzyme.
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FINAL REPORT

Evaluation of Monoacylglycerols Derived from
Butteroil as Emulsifiers in Foods

Personnel: Kirk L. Parkin, associate professor,
Kathleen Wiederholt, research specialist,  (7/1/93-
10/21/94) replaced by Purwiyatno Hariyadi and
Shu-Jung Kuo, research assistants, Department of
Food Science; Marit Reierstad, Honorary Fellow
(graduate student), Agricultural University of
Norway

Dates: July 1993 – October  1995

Funding: Dairy Management Inc. PRK94

 Objectives

1. Prepare monoacylglycerol (MAG)-rich fractions
from butteroil at levels suitable for functionality
and applications evaluation.

2. Develop procedures to partially purify and/or
fractionate MAG-rich fractions prepared from
butteroil for functionality and applications testing.

3. Evaluate the physicochemical properties and
related functionality of MAG-rich fractions pre-
pared from butteroil as emulsifying agents.

4. Evaluate the effectiveness of selected MAG-rich
fractions prepared from butteroil in selected food
systems.

Summary

Objective 1:  Two basic reaction configurations were
evaluated for several lipase sources for their ability
to produce MAG (and DAG) blends derived from
butteroil fatty acids. Glycerolysis reactions used
butteroil and glycerol as substrates, whereas
esterification reactions used glycerol and fatty acids
(FA) derived from butteroil (by saponification) as
substrates. In the latter case, the fatty acid composi-
tion of the starting substrate was diminished in
short chain-length fatty acids because of partial
losses during saponification.

Of the enzymes evaluated, both soluble and
immobilized Rhizomucor miehei lipases (Palatase
and Lipozyme, respectively) were capable of
yielding 85-90% [MAG + DAG] with >50% MAG in
as little as 10 hr reaction time, in esterification
reactions. Pancreatic lipase, the other food-grade
enzyme evaluated in this manner, could yield only
30-50% [MAG + DAG], primarily as DAG, in 48 hr
reaction times. Non-food-grade enzymes from
Pseudomonas sp (type AK and PS-30), and Candida
rugosa yielded 60-70% [MAG + DAG] in as little as
4-10 hr reaction time, but the principal product was
DAG.

In glycerolysis reactions, only the soluble R. miehei
lipase was capable of yielding >70% [MAG + DAG],
requiring 40-80 hr reaction time to do so, with the
fungal preparations (Genus/species unknown)
“Lipase Praparat” and “Lipolact K1” being less
effective. Pre-gastric lipases in this reaction
configuration were not effective. Previous work in
this laboratory established that the Pseudomonas
lipases (Amano, type AK and PS-30) were the most
effective in yielding [MAG + DAG] from butteroil in
glycerolysis reactions. In a recent trial, Novozyme
435 lipase (a Candida antarctica lipase cloned into
Aspergillus oryzae, potentially a food-grade prepa-
ration) showed promise in glycerolysis reactions,
yielding up to 50% MAG after 24-48 hr reaction
time.

Objective 2:  Starting with about 100 g of butteroil,
an MAG-rich (>90%) fraction of about 40 g was
prepared using various lipases. The >90% pure
MAG fraction was obtained from the final product
mixture by repeated precipitation with 4-5 volumes
hexane, followed by filtration. Amano type PS-30
(Pseudomonas cepacia) and Novozym 435 (Candida
antarctica B lipase produced by a cloned Aspergillus
oryzae strain) lipases were effective in this manner.
Two food-grade lipases, Novo’s Lipozyme IM and
Palatase M (both from Rhizomucor miehei) are also
effective, but only if butteroil was first hydrolyzed
and the free fatty acids (FA) then combined with
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glycerol and catalyst in an esterification reaction
configuration.

Both PS-30- and Palatase M-derived MAG prepara-
tions were evaluated fully by separating the product
mixture into triacylglycerol (TAG), FA, DAG and
MAG components by chromatography using silicic
acid and aminopropyl-bonded solid phase car-
tridges. Both enzyme-derived MAG preparations
became enriched in myristic, palmitic and stearic
acids, and diminished in shorter chain-length and
unsaturated fatty acids, compared to native
butteroil (indicated by “product mixture”) (Figures
1 and 2). Palatase-mediated processes tended to
concentrate C4-6 FA in the DAG/FA fractions, C8-12
FA in the TAG/FA fractions, and C18:1-2 FA in the
TAG/DAG fractions.  The PS-30-mediated processes
tended to concentrate C4-6 FA in the TAG/DAG
fractions, C8-12 in the FA fraction, and C18:1-2 in
the TAG/DAG/FA fractions. Thus, preparing MAG
from butteroil in this fashion also resulted in an
effective fractionation of fatty acids into different
pools. High- mid- and low-melting butteroil
fractions (HMF, MMF and LMF, respectively) were
also used as starting materials for preparing MAG
fractions. Relative to MAG prepared from native
butteroil, MAG from LMF was enriched in C8-12,
18:1 FA and diminished in C14-16 FA;  MAG from
MMF was enriched in C8-12, 18:1 FA  and dimin-
ished in C14-16 and C4-6 FA;  MAG from HMF was
diminished in C4-6 FA and enriched in C8-12 FA.

Objective 3:  Hexane-precipitated MAG (66-74%
purity) from the enzyme-modified butteroil
preparations were compared with a commercial
MAG (>90%) preparation for physicochemical
analyses. The commercial MAG preparation was
effective at reducing surface tension at an oil-water
interface (at levels of MAG addition of 0.05-0.5% of
the oil phase) to 15-5 mN m-1. (The commercial
MAG product was 70, 17 and 11% in 18:1, 18:0 and
16:0, respectively). MAG prepared from the high-
and mid-melting butteroil fractions were as
functionally capable as the commercial emulsifier,
whereas MAG prepared from low-melting fraction
and native butteroil were slightly less effective at
reducing surface tension.

Solid fat content of the MAG-rich fractions indi-
cated that they had behavior intermediate to the

commercial MAG preparation and native butteroil
(Figure 3). MAG-rich fractions from HMF of
butteroil had greater solidity than MAG prepared
from LMF. However, the most important feature
was the relatively constant % solids content for the
butteroil-derived MAG preparations over the range
of 0-35ºC, indicating a substantial plastic range.
This behavior would be promising for the develop-
ment of fat-based table spreads. At a 0.5% level of
addition to native butteroil, MAG-rich fractions
prepared with Palatase tended to slightly increase
solidity over the range of 0-15ºC, whereas MAG-
rich fractions prepared with PS-30 tended to
slightly suppress solidity over the same tempera-
ture range. Between 20-40ºC, there was little effect
of MAG addition on melting behavior of butteroil.

Emulsion stabilizing ability was tested in 6, 12 and
20% water-in-oil model systems using 0.5% MAG
(based on oil phase). Stability was greatest in 6%
water systems, and there was little difference in
stabilizing effect among the butteroil-derived and
commercial MAG preparations. All MAG prepara-
tions were not very effective in stabilizing these
emulsions relative to the influence that a more
hydrophilic emulsifier, tween 80, had on stabilizing
these emulsions.

Starch-complexing activity was evaluated using a
0.19% amylose solution to which  0.012, 0.024 and
0.048% different MAG preparations (84-90% purity
in MAG) were added. Amylose-complexing ability
of the MAG preparations derived from the LMF and
MMF of butteroil was greater than or equal to that
of the commercial MAG product at all levels
evaluated, whereas the MAG preparation derived
from the HMF of butteroil was least effective
(Figure 4). These results indicate the ability of the
butteroil-derived MAG preparations to be effective
anti-staling or crumb-softening agents in baked
goods.

Objective 4:  Preliminary studies indicated that the
butteroil-derived MAG was equally as effective as a
commercial emulsifier blend when used in ice
cream (these results evolved into a project to focus
specifically on this application - see Final Project
Report by Hartel and Parkin).
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Figure 1. Palatase-mediated partitioning of fatty acyl groups

Figure 2. PS30-mediated partitioning of fatty acyl groups
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The effect of the MAG-rich fractions incorporated
into a simple cake product (48% each water and
flour, 2.8% oil and 0.48% MAG preparation)
indicated that staling (textural hardness as mea-
sured with a TA.XT2 analyzer) took place to similar
extents over a 7 day period at 4ºC for samples
formulated with MAG-rich fractions from butteroil,
butteroil fractions or a commercial preparation.
Preliminary studies with reduced fat (40, 60%)
table spreads also indicated a similar degree of
emulsion stabilization by MAG-rich prepared from
butteroil compared to commercial MAG products.
Samples of MAG-rich preparations derived from
butteroil were also supplied to Dr. W. James Harper
at The Ohio State University for applications testing
in baked goods.

Significance to the dairy industry

These studies indicate that food-grade MAG-rich
preparations can be enzymically derived from
butteroil and/or butteroil fractions, and that these
preparations have physicochemical and functional
properties similar to commercial MAG products
available from other sources. Thus, the opportunity
exists to increase the utilization of butteroil-derived
resources in markets that are conventionally
dominated by nondairy resources. Focus in future
product development efforts should be placed on 1)
identifying appropriate products/markets in which
to utilize butteroil-derived MAG, and 2) exploiting
any unique (or dual, including any flavoring impact
of butteroil) functionality that butteroil-derived
MAG can offer.

Figure 3. Melting behavior

Figure 4. Amylose-complexing properties
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FINAL REPORT

Application of Emulsifiers From Butteroil or Milkfat
Fractions in Ice Cream

Personnel: R.W. Hartel, associate professor, K.L.
Parkin, associate professor, B. Liang, research
associate, Dept of Food Science

Dates: September 1994 – August 1996

Funding: Dairy Management Inc. HRP 95

Objectives

1. To study the application of emulsifiers made
from enzyme modified butteroil and milkfat
fractions in ice cream.

2. Evaluate the cost of producing the butteroil
emulsifiers and compare to commercial emulsifiers
for use in ice cream.

Summary

An enzyme process, developed at the University of
Wisconsin, for producing mono- and di-glycerides
from butteroil has been used to produce emulsifiers
for ice cream. For this research, the procedure
involved complete removal of fatty acids from the
triglyceride (TAG), followed by controlled enzy-
matic reesterification, using Palatase M 1000 L
(Novo Nordisk Bioindustrials, Franklinton, NC) to
produce mono- (MAG) and di-glycerides (DAG).
MAG and DAG were then separated in hexane to
provide emulsifiers with high MAG or DAG content.
Different blends of MAG/DAG were evaluated in ice
cream by mixing the two purified products at
different proportions. These blends were character-
ized by their MAG content, and varied from 10 to
87% in the final emulsifier. These emulsifiers
contained only a few percent triglycerides and free
fatty acids. In addition, emulsifiers were produced
using the same technique but with milkfat fractions
as the starting materials.

Milkfat fractions for this study were produced by a
lab-scale dry fractionation procedure. Anhydrous
milk fat (AMF) was melted at 60°C, cooled to an

initial crystallization temperature of 28°C, and
allowed to crystallize for 24 hours. The crystal
slurry was vacuum filtered to produce a high-
melting fraction (solid) and liquid phase. The
liquid phase was cooled further to 20°C for a
second fractionation, and the second liquid fraction
cooled further to 14°C for a third fractionation.
This resulted in a total of 6 fractions (28S and 28L;
20S and 20L; and 14S and 14L), as well as the initial
milk fat, available for modification into mono- and
diglycerides. Significant differences in fatty acid
distributions were observed among the milk fat
fractions. Higher melting fractions contained more
long-chain saturated fatty acids, while lower-
melting fractions contained shorter-chain and
unsaturated fatty acids. Melting points of these
fractions varied between 17 and 45°C, depending
on fatty acid composition.

Ice creams were produced with these emulsifiers in
a soft-serve freezer set for 50% overrun. Emulsifiers
were added to the mix at 0.1%, and compared to
several commercial emulsifiers. In addition, an over
emulsified ice cream was made with 1% of a
butteroil emulsifier containing 83% MAG. Ice
creams were evaluated at draw, after hardening and
after storage at -15°C. Measurements included
relative amount of fat destabilization (using a
spectrophotometric technique), melt down rate
(drip test), hardness (by penetrometer), ice crystal
size distribution, and air cell/bubble distribution.
Ice crystals were measured using a refrigerated
glove box, optical microscopy technique, while air
cells (or the bubbles arising from the air cells) were
measured using a modified “squash” method,
followed by image analysis from optical photomi-
crographs.

Results

Significant differences were found in rate of
reesterification, and type and level of glyceride
produced when using different milk fat fractions as
the starting material. It was found that MAG and
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DAG could not be produced by reesterification of
the fatty acids from the lowest melting point
fractions (14L and 20L). Reesterification of these
components resulted in formation of TAG at all
experimental conditions evaluated. Thus, emulsifi-
ers were not produced from these two fractions.
Typically, yields of MAG in the reesterification
process varied from 30 to 54%, while yields of DAG
varied from 5 to 19%. We found that reaction
temperature was the most critical parameter
controlling the reesterification reaction, with higher
temperature leading to higher production of DAG
and TAG and lower temperature leading to higher

production of MAG. For ice cream manufacture, 11
different emulsifiers were prepared. Seven emulsifi-
ers were prepared with different MAG/DAG ratio
(from 10 to 87% MAG) by mixing the products
separated from reesterification of the original AMF
(labeled AMFE in Table 1). In addition, emulsifiers
were produced from four milkfat fractions (28S,
28L, 20S, and 14S), with varying amounts of MAG
and DAG depending on their fatty acid composi-
tion. The breakdown of lipid components for these
11 emulsifiers, as well as for 5 commercially
obtained emulsifiers, is shown in Table 1. Recognize
that this table does not provide details of the fatty
acid composition of these emulsifiers.

Table 1 - Composition (mass%) of Emulsifiers

emulsifier ID* MAG DAG TAG FFA unidentified

AMFE87 86.8 11.9 0 0 1.3
AMFE83 82.8 14.0 0.1 0 3.2
AMFE70 69.9 22.4 2.1 4.3 1.3
AMFE68 67.8 24.5 3.6 0.4 3.7
AMFE49 48.8 44.7 3.4 0.2 2.9
AMFE31 31.1 50.0 9.4 0.2 9.4
AMFE10 10.0 75.8 10.6 0 3.6

28SE71 70.8 13.6 2.1 11.7 1.8
28LE70 70.3 25.6 1.5 2.2 0.4
20SE70 69.6 21.7 2.8 5.4 0.5
14SE71 70.5 16.0 3.9 9.2 0.4

700K37 36.9 53.4 8.4 0.7 0.6
GMSE35 35.3 50.3 13.0 0.4 1.0
POLMO44 44.1 41.9 13.4 0.3 0.3
1427E66 66.2 8.8 23.4 1.1 0.5
1438E65 65.1 14.7 18.2 1.6 0.4

*Group 1 - original anhydrous milkfat emulsifiers; Group 2 - milkfat
fraction emulsifiers; Group 3 - commercial emulsifiers.

The last two-digit number in emulsifier ID represents the approximate
percentage content of MAG.
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Ice creams made with emulsifiers produced from
the original AMF and each of the four milkfat
fractions were virtually identical in appearance and
texture to those made with the commercial emulsi-
fiers. We noted that the ice cream made with 1.0%
of emulsifier (over-emulsified) was the only one
that looked different. This ice cream was dull and
puffy in appearance, whereas all the other ice
creams had a slightly glossy appearance. Also, the
over emulsified ice cream did not have a smooth
mouthfeel, but the other ice creams did. Thus,
manufacture of ice creams with different emulsifi-
ers based on milkfat or milkfat fractions had no
effect on overall texture and appearance. In addi-
tion, overrun of all ice creams made with different
emulsifiers (whether from milkfat, milkfat frac-
tions or the commercial emulsifiers) was the same
at approximately 40 to 45%, with the exception of
the over emulsified product, which had an overrun
of about 55%.

Hardness of ice creams increased after hardening
for 24 hours at -40°C. Some differences were
observed between ice creams made with different
emulsifiers, as seen in Figure 1. In general, ice

Figure 1. Penetrometry test results for sample ice creams after 1-day storage

creams made with emulsifiers from AMF were
slightly softer than those made with commercial
emulsifiers. However, ice creams made with
emulsifiers from milkfat fractions, particularly 28S,
were harder than those made with emulsifiers from
AMF. A slight effect of emulsifier was seen on level
of fat destabilization, as measured by change in
turbidity of melted ice cream when compared to
the original ice cream mix. Emulsifiers with lower
MAG content gave slightly greater level of destabili-
zation. In general, hardness of ice cream correlated
well with melt-down rate. That is, harder ice creams
delayed the onset of melting when exposed to room
temperature. Typically, the commercial emulsifiers
were the slowest to melt, while ice creams made
with emulsifiers from either milkfat or milkfat
fractions melted at about twice the rate. The
exceptions to this were the ice creams made with
emulsifiers derived from the 28S and 14S milkfat
fractions. These ice creams melted at the same rate
as those made with the typical commercial emulsi-
fiers. However, the ice cream containing the emulsi-
fier made with the 20S milkfat fraction exhibited
the faster rate of melt-down. The reason for this
behavior is not clear.
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We also measured ice crystal size and air cell
distributions using optical microscopy and image
analysis. Initial air cell distribution (after harden-
ing) was compared with the distribution obtained
after storage at -15°C for three weeks, as seen in
Figure 2. For each of the emulsifiers, whether from
milkfat, milkfat fractions or commercial sources,
the initial air cells had essentially similar distribu-
tions with mean size about 13 µm and bubble size
varying from about 1 µm to between 80-100 µm.
There was no significant difference in these distri-
butions. However, the ice cream made with 1%
emulsifier had significantly smaller air bubbles,
with a mean size of 7.7 µm and a range of sizes
from about 1 to 70 µm. Overemulsification resulted
in smaller air bubbles, as expected. After 3 weeks of
storage, the air bubble distribution had increased in
mean size, up to about 17-18 µm. Again, there were
no significant differences in air bubble distribution
between ice creams made with any of the emulsifi-
ers at addition level of 0.1%. Interestingly, the air

bubble distribution in the overemulsified ice cream
did not change at all during this storage period.

Ice crystal size distributions in the ice creams after
hardening were not different. Ice creams with each
of the emulsifiers had mean ice crystal size between
32 to 37 µm with a range of sizes from about 6 µm
to about 100 µm. The only ice cream with different
ice crystal size distribution was the overemulsified
ice cream, with 1% emulsifier. Mean ice crystal size
for this ice cream was about 29 µm. Storage studies
for change in ice crystal size with time are still
underway.

Emulsifiers can be produced from either milkfat or
milkfat fractions, and these emulsifiers (MAG/DAG
blends) are effective in ice cream. Most properties
of ice creams (appearance, hardness, overrun, ice
crystal and air cell distributions) made with these
emulsifiers, with the exception of melt down rate,
were identical to those obtained when commercial

Figure 2. Mean size of air cells in ice cream samples after 2 day and 3 week storage.
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emulsifiers were used. Ice creams made with
emulsifiers produced from milkfat fatty acids
melted down at slightly faster rate than those made
with commercial emulsifiers, with two exceptions.
Ice creams made with emulsifiers produced from
the hard fractions of milkfat (28S and 14S) exhib-
ited the same melt down rates as those made with
commercial emulsifiers.

Significance to the dairy industry

Ice cream requires a particular emulsifier content to
provide proper melt-down rates and appearance.
However, emulsifiers (mono- and di-glycerides,
polysorbates, etc.) listed on the ingredient label are
often viewed as negative. The one major commer-
cial ice cream with no added emulsifiers, promoted
as all natural, commands the largest market share
in the US. An emulsifier produced by a natural
process from butteroil or milkfat fractions would
potentially satisfy the requirements for an all-
natural product, while still providing necessary
emulsification. This could increase the use of both
ice cream and milkfat. The results of this project
clearly show the potential benefits of using emulsi-
fiers made from milk fat in ice cream. Further work
is needed to develop procedures for controlling
emulsifier manufacture from milkfat and milkfat
fractions.

Publications

Liang, B., R.W. Hartel, T. Hagiwara, K. Wiederholt
and K.L. Parkin, Application of Emulsifiers From
Butteroil in Ice Cream, paper presented at AOCS
Annual Meeting, San Antonio, TX (1995).
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VISITING SCIENTIST REPORT

Preparation of Butteroil-in-Water Emulsions Using
Blends of Milk Proteins and Lipids

Personnel: Marit Reierstad, Agricultural University
of Norway; Kirk L. Parkin, Dept. Of Food Science

Funding: Wisconsin Milk Marketing Board and
Agricultural University of Norway

Dates:  March 15 – October 15, 1995

Objectives

Evaluate the technical feasibility of preparing
butteroil-in-water emulsions (including lowfat
spreads) emphasizing the incorporation of dairy
ingredients. Casein hydrolysates and mono- and
diacylglycerol blends derived from butteroil will be
evaluated. Butteroil in water emulsion properties of
greatest interest are stability, consistency,
spreadability, and flavor.

Summary

A preliminary assessment of formulations for
preparing reduced-fat dairy spreads was based on
factorial designs using eight experimental param-
eters: emulsifier type, emulsifier concentration,
butteroil with and without low-melting butteroil
fraction, fat level, whey protein isolate or hydroly-
sate, protein concentration, salt concentration and
temperature. The emulsifiers that were compared
include a commercial distilled monoacylglycerol
(MAG) product, and two MAG-rich products
derived from enzymic glycerolysis of butteroil.
Emulsions were prepared with the use of a Polytron
(combined homogenization and sonication). We
analyzed the emulsion for viscosity, stability and
appearance by light microscopy.

The most important findings in these preliminary
studies were that the MAG-rich fractions prepared
from butteroil were as effective in yielding stable
emulsions as the commercial emulsifier. Emulsion
stability was greater at 60% added fat than at 40%
added fat, but whether or not butteroil fractions
were used had little impact. Emulsion stability was

also enhanced when 10% protein was added,
although protein type had little influence. The
addition of salt (1.2% NaCl) tended to destabilize
the emulsions. Temperature (40 or 50oC) and
emulsifier level (0.5 and 1.0%) appeared to have
little impact on emulsion stability.

Significance to the dairy industry

These preliminary results will provide a starting
point for a more comprehensive effort to develop
formulations for preparing reduced-fat table
spreads with butteroil, butteroil fractions and milk
components as principal ingredients (project
planned for FY 1996-1999). These efforts are
intended to expand and develop new markets for
dairy ingredients.
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INTERIM REPORT

Kinetics of Milkfat Crystallization

Personnel: R.W. Hartel, associate professor, D.B.
Patience, graduate research assistant, Dept of Food
Science, UW; D. Illingworth, New Zealand Dairy
Research Institute

Funding: Wisconsin Milk Marketing Board 92-8/
New Zealand Dairy Board

Dates: February 1994 – January 1998

Objectives

1. Determine the effect of crystallization tempera-
ture on milkfat crystallization and crystal separa-
tion.

2. Determine the effect of pretreatment and cooling
rate on milkfat crystallization.

3. Determine the effect of milkfat source on milkfat
crystallization.

4. Determine the effect of various mixer and
crystallizer conditions and geometries on milkfat
crystallization.

5. Determine the effects of the processing variables
(Objectives 1 to 4) on physical properties and yields
of milkfat fractions.

6. Investigate the effects of scale of operation.

Summary

For isothermal crystallization of milkfat at 28°C, in
either 0.5 or 3.5 L vessels, a 3x3 randomized block
design of experiments was performed to investigate
the effects of mixing on crystallization kinetics and
filtration efficiency. Impeller diameter (1.5, 2 and
3") and stirrer speed (50, 100, 150 RPM) were
evaluated, using triple, propeller blades. Analyses
included change in slurry turbidity with time,
image analysis of slurry samples for crystal size
distribution and growth kinetics, and filtration
characteristics at 5 bar in a pressure filter. A
custom-built, lab-scale, pressure filtration unit was

used to evaluate filtration efficiency by measuring
rate of filtrate with time for different milkfat crystal
slurries. An additional mixing experiment was
performed using the 3" stirrer operated at 12.5
RPM to investigate the laminar region of mixing.

For fractionation at 0.5 L scale, an optimal (scaled)
tip speed (RPM. impeller diameter/tank diameter)
was found, where the fastest rate of filtration
occurred. Filtration resistance was lowest at this
point. This optimal filtration point correlated with a
crystal size distribution that contained medium
sized crystals (150 µm) without too many small or
large crystals in the distribution. At lower scaled tip
speeds, filtration rate was reduced due to agglom-
eration of milkfat crystals. On the other hand, at
larger scaled tip speeds (higher RPM), many small
nuclei were evident which disrupted filtration. No
such optimal point in scaled tip speed was found
for fractionation at 3.5 L scale. Instead, filtration
resistance increased directly as scaled tip speed
increased, although it could have been that we did
not study low enough values of this scaled tip speed
for the larger vessel.

Melting points and yields of solid fractions corre-
late with this optimal filtration point, indicating
that the minimum liquid entrainment occurred at
these conditions. In general, yield of solid fraction
increased as tip speed increased. However, this
increase in yield was due to greater liquid entrain-
ment, as measured using an absorbance technique.

A preliminary research project to evaluate the
effects of nontriglyceride (nonTAG) components of
anhydrous milkfat (AMF) on AMF crystallization
was also undertaken. A chromatography column
technique was used to separate classes of lipids
(TAG from nonTAG). The nonTAG component was
added back to the purified TAG component and
crystallization kinetics studied using an absor-
bance/turbidity technique. Addition of these
nonTAG components significantly delayed onset of
milkfat crystallization under these conditions.



CDR Annual Report 1996

24

Significance to the dairy industry

Improving fractionation technologies for separat-
ing milkfat into valuable food ingredients is
necessary to improve process economics and to
understand means of producing specific fractions
for targeted applications. Understanding the
kinetics of crystallization of milkfat will allow
better control of existing fractionation technolo-
gies, and may lead to new and improved tech-
niques. In addition, the relations between mixing
conditions in the crystallizer and filtration effi-
ciency will allow optimal design of fractionation
processes.

Publications

Patience, D.B. and R.W. Hartel, Crystallization
Kinetics and Pressure Filtration of Anhydrous
Milkfat, paper presented at AOCS Meeting, India-
napolis, IN (1996).

Patience, D.B. and R.W. Hartel, Crystallization and
Pressure Filtration of Anhydrous Milkfat, Proceed-
ings of Industrial Crystallization, Toulouse, France
(accepted).
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INTERIM REPORT

Mechanisms for Formation of Milkfat Crystals

Personnel: R.W. Hartel, associate professor,Y. Shi,
research associate, Dept of Food Science

Dates: June 1995 – June 1998

Funding: Wisconsin Milk Marketing Board
UW9503

Objectives

1. To determine the main parameters influencing
nucleation of milkfat and relate these parameters to
type (polymorph) and shape of crystal formed.

2. Determine the effects of milkfat composition,
agitation rate and temperature on kinetics of
milkfat nucleation in melt crystallization.

Summary

We have studied the effects of temperature and
agitation rate on nucleation of milkfat crystals from
the melt. Milkfat crystals were formed under
controlled conditions of temperature, agitation
intensity and duration of agitation. These crystals
were separated (by filtration) from the liquid at
different times during their formation and analyzed
for melting profile (DSC), and chemical composi-
tion (GC). In addition, the filtered crystals were
washed with acetone to separate entrained liquid
from true crystalline solids, and the crystalline
portion analyzed in the same way.

A DSC technique for quantifying melting point was
developed based on the peak of the melting curve,
and correlated to clear point measurements. It was
shown that the melting point based on the peak in
the DSC melting curve gave a reliable indication of
clear point only for high-melting milkfat fractions.
Since this project investigates characteristics of
nucleation of initial milkfat crystals, this is a useful
technique for comparing crystals formed during
nucleation.

For spontaneously nucleated (without agitation)
milkfat crystals, the melting point (based on DSC
melting curve) increased with higher crystalliza-
tion temperature. For crystallization of a winter
milkfat at 27.5°C, the melting point was about 40°C,
while crystallization at 30.5°C resulted in nuclei
with a melting point over 49°C. When the nuclei at
each condition were washed with acetone, and the
remaining crystalline product analyzed, a melting
point of about 52°C was obtained regardless of the
original crystallization temperature. These results
suggest that the base crystalline material is the
same regardless of the crystallization temperature,
but higher level of entrained liquid causes the
melting point to decrease with decreased crystalli-
zation temperature.

When nuclei were formed during a burst of agita-
tion for a brief period of time, followed by quies-
cent conditions, an interesting phenomenon has
been observed. That is, the melting point of sepa-
rated nuclei increases with time of crystallization,
at least during the initial stages of crystallization,
and then approaches a maximum value. This
suggests that the initial milkfat nuclei that form are
more loosely packed molecular structures than the
final crystals produced at a given temperature. One
potential mechanism for this behavior is initial
formation of the a polymorph, with lower melting
point, followed by rapid transformation to a more
stable (perhaps b’) polymorph with higher melting
point. X-ray spectroscopy experiments should
confirm this behavior.

Composition differences (fatty acid and acyl carbon
number) were also found between nuclei formed at
different conditions. As expected, higher levels of
trisaturated triglycerides were found to correlate
with higher melting point. However, some interest-
ing relationships of groups of triglycerides are
beginning to arise as we analyze this data in greater
detail. Further results will be discussed in subse-
quent reports.
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Significance to the dairy industry

In order to control milkfat fractionation technolo-
gies, it is critical to understand exactly how milkfat
crystals form, and the parameters that influence
their formation process. By understanding forma-
tion of milkfat crystals, we can improve fraction-
ation technologies to produce higher quality
milkfat fractions more efficiently.
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INRERIM REPORT

Continued Studies of Surface Melt Crystallization
Techniques for Fractionating Milkfat

Personnel: R.W. Hartel, sssociate professor, Dept of
Food Science; J. Ulrich, professor, University of
Bremen; M. Tiedtke, graduate research assistant,
University of Bremen.

Dates: July 1995 – June 1997

Funding: Dairy Management Inc. HRT 96

Objectives

1. To evaluate surface layer melt crystallization for
multi-step fractionation of milkfat.

2. To make an economic comparison between
surface layer and suspension techniques for
fractionating milkfat.

3. To determine the effects of initial milkfat compo-
sition on crystallization kinetics and overall
efficiency for fractionating milkfat using surface
layer techniques.

Summary

In the past several years, surface layer crystalliza-
tion techniques have been used successfully for
fractionating milkfat. Milkfat was cooled as it
flowed across a cooling surface in a thin film. By
controlling the temperature of the cooling surface,
crystallization of milkfat occurred directly on the
surface. As a solid layer formed on the cooling
surface, a partition between crystalline and liquid
portions of milkfat occurred, depending on the
temperature gradients and milkfat composition.
Temperature of the solid layer was kept constant
during the process by decreasing temperature
according to film thickness. To enhance separation
of the crystalline layer, a sweating procedure and/or
a washing step may be used, which may involve a
slight heating of the layer. Finally, the layer was
removed from the surface by raising the tempera-
ture to melt the solid layer and the hard fraction
collected in the liquid form.

In this study, several multiple-step fractionation
protocols are being explored. In the first step,
milkfat was fractionated at 25°C to give a solid
fraction (yield of 54%, clear point of 39.4°C) and a
liquid fraction (yield of 46%, clear point of 21.6°C).
The liquid fraction was then cooled to 20°C for a
second fractionation step. A low-melting fraction
(overall yield of 37%, clear point of 15.4°C) and a
middle-melting fraction (overall yield of 9%, clear
point of 27.1°C) were produced. The solid fraction
was melted and recrystallized to produce a high-
melting fraction. When the solid fraction from the
initial step was cooled rapidly, a high-melting
fraction (overall yield of 21%, clear point of 43.4°C)
and a middle-melting fraction (overall yield of
33%, clear point of 26.6°C) were produced. When
the solid fraction was cooled more slowly, a very
high-melting fraction (overall yield of 5%, clear
point of 47.5°C) was produced, as well as a middle-
melting fraction (overall yield of 49%, clear point of
37.1°C). Thus, in our preliminary experiments on
multi-step fractionation, milkfat fractions with
reasonable yields and clear points can be produced
using surface-layer crystallization.

An excellent correlation between yield of solid or
liquid fraction and the clear point has been found
for this technique. Higher yields during fraction-
ation resulted in lower clear points. Further studies
to determine the effects of different milkfat starting
materials on fractionation are underway.

Significance to the dairy industry

Techniques that improve separation efficiency
between solid and liquid phases to produce more
distinct milkfat fractions are needed. Layer-type
melt crystallization techniques, popular in the
organic chemical industry, have potential for
providing controlled crystallization with minimal
separation requirements to produce distinct
fractions. In many instances, layer crystallization is
more economical than suspension-type crystalliza-
tion. In this project, we have demonstrated that
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surface-layer melt crystallization techniques can
produce high melting milkfat fractions that are
indistinguishable from those produced by existing
technologies and at similar yields. Multiple-step
fractionations are also feasible with surface-layer
crystallization technology, and can produce
fractions of similar yield and composition as
suspension fractionation. Further work is needed to
determine the economic standpoint of this
technology.

Publications

Tiedtke, M., J. Ulrich and RW Hartel, Solid Layer
Melt Crystallization - A Fractionation Process for
Milkfats, paper presented at Third International
Workshop on Crystal Growth of Organic Materials,
Washington, DC (1995).

Tiedtke, M., Ulrich, J. and R.W. Hartel, Solid Layer
Melt Crystallization - A Fractionation Process for
Milkfat, ACS Conference Proceeding Series, Crystal
Growth of Organic Materials (Myerson, A.S., Green,
D.A., Meenan, P., Eds.) pp. 137-144 (1996).
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INTERIM REPORT

Physical Chemistry of Lipid Mixtures: Dairy Based
Spreads

Personnel: R.W. Hartel, associate professor, R.L.
Lindsay, professor, J. Knollenberg, graduate assis-
tant, B. Liang, research associate, Dept of Food
Science.

Dates: September 1994 – August 1996

Funding: Dairy Management Inc. HRL 95

Objectives

1. To relate the specific triglyceride composition of
milkfat  fractions to phase and crystallization
behavior of milkfat  fractions with each other.

2. To relate the specific triglyceride composition of
milkfat  fractions to phase and crystallization
behavior of mixtures of milkfat  fractions and
canola oil.

Summary

A technique was developed for studying the
solubility of hard milkfat  fractions in low-melting
fractions (liquid oils). This technique relies on
measuring changes in turbidity (absorbance) after
increasing the addition of hard fraction in the
liquid fraction. In this technique, the liquid oil was
maintained at constant temperature (25 - 40°C) in a
jacketed beaker and a specific amount of hard
fraction added as a liquid fat. The system was
allowed to equilibrate for 4 days before measuring
absorbance. Using this technique, a clear solution
was obtained with essentially no change in absor-
bance until the point where the hard fraction
crystallized separately from the liquid fraction. At
this point, the absorbance increased dramatically
with slightly higher addition level of the hard
fraction. The point of increased absorbance
provides a measure of the intersolubility of one
lipid in another. While this is not a thermodynamic
equilibrium, the intersolubility measured in this
way provides an estimate of how much hard

fraction can be accommodated in the liquid
fraction before crystallization occurs. For the
fractions studied (with melting points of 45º and
15°C), the intersolubility was measured at less than
1% at 25°C and increased exponentially to about
35% at 40°C. A wider range of milkfat  fractions
and canola oil is currently being studied.

The phase behavior of mixed lipid systems can be
seen in isosolids diagrams, where solid fat content
is measured at different temperatures for the range
of mixtures from 100% hard fraction to 100%
liquid oil (either low-melting fraction or canola oil).
These diagrams provide information about the
compatibility of two lipids. Using a Bruker
Minispec PC-120 NMR, the solid fat curves for
mixtures of several hard and soft milkfat  fractions
were measured. In general, mixtures of high-
melting milkfat  fractions with either canola oil or
low-melting milkfat  fractions resulted in straight
lines on the isosolids diagram, indicating complete
compatibility between these fractions. DSC ther-
mograms of mixtures of high-melting and low-
melting milkfat  fractions showed this compatibil-
ity, where the peaks associated with each compo-
nent changed uniformly with increasing addition of
one fraction to the other. However, mixtures of
high-melting milkfat  fractions with canola oil
exhibited more complex melting behavior. Analysis
of these results is still ongoing.

Some preliminary experiments to measure induc-
tion time for nucleation, using an isothermal DSC
technique, have been completed for mixtures of
high-melting milkfat  fractions in either low
melting milkfat  fractions or canola oil. Results to
date show that the time required for forming
crystals decreased as crystallization temperature
decreased for all mixtures, decreased as the concen-
tration of high-melting milkfat  fraction increased,
and was shorter for crystallization of high-melting
milkfat  fractions dissolved in canola oil, as com-
pared to low-melting milkfat  fractions. Since
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shorter induction time indicates more rapid crystal-
lization, high-melting milkfat  fractions crystallized
more rapidly at lower temperatures, when its
concentration in the liquid oil was higher and when
it crystallized out of canola oil (compared to low-
melting milkfat  fractions). Analysis and further
experimentation are still underway.

Significance to the dairy industry

Increased utilization of milkfat  and milkfat  frac-
tions in dairy-based spreads requires an under-
standing of how chemical composition influences
physical behavior. In this study, the focus is under-
standing the effects of chemical composition on
phase and crystallization behavior. Through these
studies, improved applications of milkfat  fractions
in dairy-based spreads will result.
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INTERIM REPORT

Incorporation of Milkfat Fractions in Chocolates -
Phase 2

Personnel: R. W. Hartel, associate professor, J.
Bricknell, graduate research assistant,  S. Metin,
graduate research assistant, Dept. of Food Science

Dates: September 1994 – August 1996

Funding: Wisconsin Milk Marketing Board 94-02

Objectives

1. To further study the fundamental aspects of
incorporating milkfat and milkfat fractions into
chocolates.

2. To investigate the incorporation of milkfat
fractions produced by the Tirtiaux pilot plant in
both milk and dark chocolate.

3. To study processing techniques to improve the
compatibility of milkfat fractions and cocoa butter
in chocolates.

Summary

Our research in the past year focused on studying
effects of milkfat fractions on crystallization of
cocoa butter, and developing improved techniques
for studying the effects of milkfat fractions on
bloom formation in chocolate.

Using Differential Scanning Calorimetry (DSC), we
have studied the effect of milkfat and milkfat
fractions on cocoa butter crystallization. Two DSC
techniques were used to study crystallization of
cocoa butter in the presence of different levels and
types of milkfat fractions. In the first method, the
mixed lipid was brought quickly to crystallization
temperature in the DSC and allowed to crystallize at
constant temperature. This “isothermal DSC”
technique allowed us to determine the induction
time required for onset of cocoa butter crystalliza-
tion, and estimate the rate of crystallization. Milkfat
clearly crystallized more readily than cocoa butter
over the temperature range of 10 to 25°C. Addition

of either milkfat or milkfat fractions to cocoa butter
at 5 or 10% by weight generally increased the
induction time for cocoa butter crystallization. In
general, this inhibition of crystallization was
greater at the higher addition levels. No difference
among a range of milkfat fractions was observed.
These results were analyzed using the Avrami
equation to obtain an exponent of one, indicating
mass transfer limitations. By applying different
scanning rates (from 5 to 20°C/minute) in the DSC,
we developed information on crystallization
kinetics using a modified Avrami equation. While
different crystallization curves were obtained using
this technique, analysis of these results were not
satisfactory, yielding information that contradicted
the isothermal technique.

In chocolate, one of the main theories of bloom
formation is that cocoa butter undergoes a poly-
morphic transformation (from ß-5 to ß-6) that
leads to rearrangement of the crystal structure and
appearance of microcrystals at the surface. This
rearrangement results in visual dulling and graying
of the surface, associated with bloomed chocolate.
It has been hypothesized that milkfat inhibits this
polymorphic transformation and thus, delays
bloom formation. However, there is no conclusive
evidence of this in chocolate. Our work this past
year has focused on developing a technique that
will allow us to quantify both the polymorphic
transformation (by X-ray spectroscopy) and the
onset of visual bloom in chocolates, and to evaluate
the effects of different milkfat fractions. We have
developed a technique to manufacture chocolate
without crystalline sucrose (which interferes with
the X-ray spectra of cocoa butter) in order to
quantify the appearance of the  ß-6 polymorph and
correlate this with visual bloom formation. Study-
ing the effects of milkfat fractions on this polymor-
phic transformation in chocolates, and correlating
these effects with visual observation of bloom is a
task that remains.
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Significance to the dairy industry

One of the main applications for milkfat fractions is
in the chocolate and confectionery industry. In
order to optimize the use of milkfat fractions in
chocolate applications, we need to understand the
effects of components of milkfat on bloom resis-
tance, softening of chocolate and lipid compatibil-
ity. In addition, we need to understand the kinetics
of crystallization in the mixed system of cocoa
butter and milkfat fractions to optimize processing
conditions for producing (tempering) chocolates.

Publications

Hartel, R.W., Application of Milkfat Fractions in
Confectionery, J. AOCS (in press).

Metin, S. and R.W. Hartel, Crystallization Kinetics
of Blends of Cocoa Butter and Milkfat or Milkfat
Fractions, J. Thermal Analysis (accepted).
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INTERIM REPORT

Investigation of Baked Milkfat Flavor Development
in Milkfat Ingredients for the Bakery and Food
Industries

Personnel:  Robert C. Lindsay, professor, Dept. of
Food Science, Ann Han, graduate research assistant,
Dept. of Food Science (In collaboration with
researchers at the New Zealand Dairy Research
Institute)

Dates:  February 1993 – January 1995 (Extended
July 1996)

Funding: Wisconsin Milk Marketing Board #92-7

Objectives

1. To establish a sensory panel trained in the
recognition and descriptive sensory analysis of
baked milkfat flavor in baked products (NDZRI).

2. To establish a model baking system for the
assessment of baked milkfat flavor in baked goods
(NZDRI).

3. Using the model baking system, undertake and
correlate chemical and sensory analyses to identify
key compounds responsible for baked milkfat
flavor in baked products (UW and NZDRI).

4. To define the specific chemical reactions involved
in the development of enhanced baked milkfat
flavor (UW and NZDRI).

5. To formulate and prepare milkfat based ingredi-
ents which provide enhanced baked milkfat flavor
(UW and NZDRI).

Summary

Initial studies focused on the isolation of volatile
flavor compounds in heated butter and butter
cookies by headspace, vacuum steam distillation,
and solvent extraction procedures. Many com-
pounds were identified by gas chromatography and
mass spectrometry, and included free fatty acids,

methyl ketones, gamma and delta-lactones, alde-
hydes, esters, and Maillard browning products.
However, all of the compounds that were analyzed
in these traditional isolates were relatively abun-
dant, well-documented compounds. While some
compounds were important to baked butter flavors,
they did not greatly enhance the basic knowledge
about or reveal the nature of the true baked butter
flavor.

Earlier research at the UW had revealed that some
new volatile compounds were responsible for the
the milky flavor in skimmilk, and these were a
group of alkyl phenols, including p-cresol. Since
little was known about the flavor effects of these
compounds, they were investigated in detail as
potential contributors to butter flavors. Although
present in extremely low parts per billion levels, the
alkyl phenols were found to be the key missing
ingredients to the baked butter flavor complex.

Basic information was obtained about the behavior
of alkyl phenols in the butter system, and it was
found that when they were formed by heat degra-
dation of flavorless bound or conjugate forms
during baking, they migrated to the milkfat phase.
Most of the alkyl phenols were found to occur in
milk and butter as the bound or conjugate forms. It
was found in this research that when excessive
concentrations were formed through the action of
conjugase enzymes, strong cowy like flavors were
produced.

Research studies on development of high-flavored
milkfat and butter ingredients led to methods for
the enzymatic preparation of prototype products
with approximately 20X flavor strength. When
added to butter cookies, milk chocolate, and toffee,
these intensely flavored ingredients greatly en-
hanced baked butter flavors.

Recent studies have focused on investigations on
sources of alkyl phenols in milk products, and
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establishing basic information on the occurrence
and behavior of the bound forms which hold most
of the baked butter flavor potential in milk and
butter products. Additionally, studies have been
carried out on the interaction of alkyl phenol
flavors with those produced by short chain free
fatty acids and lactones when they are liberated
from milkfat triacylglycerols.

Significance to the dairy industry

Many of the traditional baking industry uses of
butter have been replaced by specialty vegetable
oils. Bakers have stated that greater quantities of
butter could be used if flavor could be distinctively
provided when reasonable amounts of butter are
used as ingredients in baking recipes. This research
directly addresses the task of developing basic
information to foster the development of new
intensely flavored butter ingredients for the baking
industry. Such ingredients will allow the dairy
industry to regain butter sales and competitively
maintain butter as a functional sought-after
ingredient for the baking industry.
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APPLICATIONS PROGRAM REPORT

Milkfat Applications Research Program

Personnel:  Kerry E. Kaylegian, researcher, Barbara
H. Ingham, research specialist, Orville H. Harris,
research specialist, Chris Kirk, research specialist,
Center for Dairy Research

Dates: July 1995 – June 1996

Funding:  Wisconsin Milk Marketing Board UWA
9602, Dairy Management Inc.

Objectives

1. Provide technical support for butter and milkfat
fractions to the dairy, bakery, and confectionery
industries

2. Work toward increased expertise in established
areas suited for milkfat fractions, and investigate
potential new applications suited for milkfat
fractions

3. Conduct applied research in butter and milkfat
fractions

4. Coordinate the Tirtiaux pilot plant operation and
activities

5. Coordinate technical transfer activities in
conjunction with CDR’s Communication program
for UW projects relating to milkfat

Summary

This has been an exciting year for the Milkfat
Applications Program. To start, we’ve grown from a
staff of one person to three full-time people and
one-part time person. We installed the Tirtiaux
fractionation pilot plant, placed an order for a
Gerstenberg and Agger texturizer pilot plant, and
implemented the Milkfat Fractionation Consor-
tium. The Milkfat Fractionation Consortium has
nine members, donating almost $80,000 per year,
who are interested in producing and/or using
milkfat fractions in a variety of food products.

The Tirtiaux fractionation pilot plant was installed
in March 1996, just in time for our CDR Open
House. As expected with most equipment, we had
our challenges during start up but now things are
running smoothly. We are currently producing
samples of milkfat fractions for our Consortium
members, university researchers, and others. The
milkfat fractions available for sampling exhibit a
range of melting behaviors that meet the needs of a
variety of applications. These fractions have
melting behaviors similar to the fractions produced
with the leased Tirtiaux unit several years ago. The
Gerstenberg and Agger unit is due in this summer
and will give us the capability to turn the fractions
into specialty butters, ranging from soft spreads to
hard butters and ranging from 20% fat to 100% fat.

The additional staff and improvement of facilities
allows the Milkfat Program to provide more in-
depth technical support on butter, milkfat and
milkfat fractions to the dairy and food industries.
We continue to receive and answer phone questions
about butter, milkfat, and milkfat fractions. Ques-
tions come from the butter makers, confectioners,
bakers, general food industry, and media/marketers
for information on the manufacture, shelf life, and
use of butter, how milkfat is fractionated and why,
and all sorts of questions ranging from basic to
fairly technical. The milkfat group also provides on-
site technical support, we travel to companies to
give presentations, assist with laboratory set-up
and analyses, as well as train personnel in our
laboratories to perform analytical tests and to learn
milkfat fractionation at the pilot plant.

To improve our ability to understand the function
of milkfat in foods and to provide better technical
service to our constituents, we constantly monitor
the literature, perform small-scale applications
projects, and participate in short courses when
appropriate. This year we completed an evaluation
of experimental pastry butters made with milkfat
fractions in puff pastries. The experimental butters
provided the physical benefits of pastry margarine



CDR Annual Report 1996

36

to the pastries (i.e., improved height and volume)
while contributing desirable butter flavors that the
margarine samples lacked. Our results from this
study were presented at the annual meeting of the
American Association of Cereal Chemists in
November 1995, and the paper is being submitted
to the Journal of Cereal Chemistry. Members of the
milkfat group attended a  short course in “Applica-
tions of Fats, Oils and Shortenings in Bakery
Products” sponsored by the American Oil Chemists’
Society 11/95, and the “Ice Cream Makers Short
Course” sponsored by the UW 1/96.

This year CDR helped to plan and then host the first
annual Milkfat Technology Forum, sponsored by
DMI. This forum was held in April and brought
together researchers and industry from around the
country. Research updates were presented in key
areas of milkfat research, and the future direction
of milkfat research was discussed by the group.
Proceedings from this Forum are currently in
publication.

Significance to the dairy industry

Fractionation provides an opportunity to tailor
milkfat for specific applications that may benefit
from the flavor of milkfat, but where the use of
milkfat is hindered by its physical properties. The
fractionation of milkfat to produce specialty
ingredients will increase the value of milkfat and
expand its use in the food industry. The CDR
Milkfat Group provides much needed research
facilities, data, and technical support to assist both
manufacturers and users of milkfat fractions as the
industry begins to commercialize milkfat fraction-
ation in the U.S.

Publications and Presentations

Kaylegian, K.E. Functional Characteristics and
Nontraditional Applications of Milk Lipid Compo-
nents in Food and Nonfood Systems. J. Dairy Sci.
1995  78:2524-2540.

Paeschke, T.M., and K.E. Kaylegian. Evaluation of
Experimental Pastry Butters in Puff Pastries.
Presented at the annual meeting of the American
Association of Cereal Chemists, November 1995.

Kaylegian, K.E. Milkfat Fractions Innovative Food
Ingredients. Governor’s Conference on Agriculture
March 1996, Oshkosh, WI.

Kaylegian, K.E. Milkfat Fractions:  A Global Per-
spective of Research and Applications. UW Food
Science Club 10th Annual Symposium — Food
Science — A World of Opportunities, April 1996,
Madison, WI.

Kaylegian, K.E. Milkfat Fractionation Technologies
and Applications. National Milkfat Technology
Forum, April 1996, Madison, WI.

Kaylegian, K.E. Applications of Milkfat Fractions in
Lowfat Foods. Presented at the annual meeting of
the Institute of Food Technologists, June 1996, New
Orleans, LA.

Kaylegian, K.E. Milkfat Fractions Innovative Food
Ingredients. Presented at the annual meeting of the
Institute of Food Technologists, June 1996, New
Orleans, LA.
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FINAL REPORT

Effects of Defined Milkfat Fractions on Postprandial
Lipid Metabolism in the Rat
Personnel:  Denise Ney, associate professor, Hui-
Chuan Lai, graduate student, Mike Grahn, research
specialist, Department of Nutritional Sciences

Funding:  Wisconsin Milk Marketing Board 92-9

Dates:  September 1992 – August 1995

Objectives

The overall objective of this research is to charac-
terize the nutritional effects of defined milkfat
fractions on lipid metabolism. Evidence suggests
that cholesterol and triacylglycerol (TAG) metabo-
lism will be altered in conjunction with changes in
the fatty acid and TAG profiles of milkfat due to
fractionation. Our research focuses on postprandial
(i.e., after ingestion of a meal) lipid metabolism in
animals fed diets containing either a low-melting
point (liquid) or high-melting point (solid) milkfat
fraction. The specific objectives of this project were:

1. To determine the effects of ingesting defined
milkfat fractions on postprandial lipemia and the
activity of post-heparin lipoprotein lipase, an index
of plasma TAG catabolism.

2. To characterize the composition of lymph
chylomicrons in animals fed liquid or solid milkfat
fractions compared to palm oil or corn oil.

Summary

We have demonstrated that ingesting a liquid
milkfat fraction enriched in 18:1 and unsaturated
TAGs with <40 carbon atoms produces lower
concentrations of cholesterol and triacylglycerol in
serum of rats compared to a solid milkfat fraction
or palm oil (Lai et al. 1995; Lai and Ney 1995).
Interestingly, the CSIRO Division of Human
Nutrition in Australia recently demonstrated lower
concentrations of cholesterol in plasma from
human subjects fed dairy products with feed-
induced modifications in the fatty acid profile

similar to those induced by milkfat fractionation in
our studies (1996). This suggests that our studies
are relevant to humans and that changes in the TAG
or fatty acid composition of milkfat by fraction-
ation processes or feeding practices may improve
its nutritional profile.

We investigated the time course of postprandial
lipemia and lipolytic activity in rats trained to eat
meals containing milkfat fractions, palm oil or corn
oil for 4 weeks. Rats fed saturated fats compared
with corn oil showed a significantly greater peak
increase in postprandial TAG concentrations. Corn
oil ingestion resulted in significantly less TAG
accumulation (millimoles per liter per 24 hr)
compared with ingestion of saturated fats.
Postheparin plasma lipoprotein lipase activity and
plasma insulin concentration were generally greater
with ingestion of corn oil compared with palm oil
or butterfat. Palm oil ingestion resulted in a
biphasic plasma TAG response curve and greater
postheparin plasma lipoprotein lipase activity
compared with butterfat ingestion, suggesting
differential effects of saturated fats on postprandial
lipemia. In summary, greater postprandial lipemia
with ingestion of saturated fats compared with corn
oil may be due in part to slower plasma TAG
clearance.

Digestion of dietary fat begins in the mouth and
stomach and is completed in the small intestine
where final absorption occurs. The short- chain and
medium-chain length fatty acids in milkfat,
primarily located at the sn-3 position, are subject to
gastric lipolysis. We studied how liquid and solid
fractions of milkfat affect the composition of lymph
chylomicrons in rats given gastric infusion of lipid
emulsions containing liquid milkfat, solid milkfat,
palm oil or corn oil. Our results show that rats
chronically fed palm oil or solid milkfat show 1.4-
2.5 fold higher mass output of cholesterol, TAG and
phospholipid in baseline lymph samples compared
with rats fed corn oil or liquid milkfat. The similar-
ity in response when comparing liquid milkfat and
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corn oil suggests that modification of the fatty acid
and TAG profiles of milkfat improves the lipid
response associated with ingestion of milkfat.

Determining the fatty acid and TAG profiles of the
diets and lymph chylomicrons provided additional
information about the effects of milkfat on lipid
digestion. The profile of TAG species in lymph
based on total acyl carbon number, indicated that
TAG species with <40 carbons are present in the
milkfat diets, but they do not appear in lymph.
Similarly, lymph from animals infused with liquid
or solid milkfat fractions contained few short-chain
fatty acids but the profiles of C14:0, C16:0 and
C18:1 were maintained compared to the emulsion
infused.

Taken together, our results suggest that a liquid
milkfat fraction enriched in oleic acid and short-
chain fatty acids shows improved digestive effi-
ciency (i.e., enhanced gastric lipolysis). Liquid
milkfat may be useful as an ingredient in human
nutritional products. Nutritional products may
include infant formulas, supplements for healthy
individuals such as the elderly or athletes, and
medical foods for individuals with pancreatic
deficiency, which occurs in cystic fibrosis, pancre-
atitis or premature birth.

Significance to the dairy industry

The American public currently demonstrates great
interest in issues related to diet, nutrition and
health. In order to market dairy products to
consumers, the dairy industry needs valid informa-
tion about the nutritional effects of milkfat. Our
research extends and compliments work conducted
at CDR by providing new information regarding the
in vivo nutritional effects of defined milkfat
fractions on lipid metabolism. This will be key
knowledge for marketing future dairy products to
consumers.

Publications/presentations

Lai, H.C. Postprandial lipid metabolism with
ingestion of defined butterfat fractions in the rat.
Ph.D. thesis. University of Wisconsin–Madison, 275
pp, 1994.

Lai, H.-C., Lasekan, J.B., Monsma, C.C. and Ney,
D.M. Alteration of plasma lipids in the rat by
fractionation of modified milk fat (butterfat). J. of
Dairy Science, 78:794–803, 1995.

Lai, H.-C. and Ney, D.M. Corn oil, palm oil and
butterfat fractions affect postprandial lipemia and
lipoprotein lipase in meal-fed rats. J. Nutr.
125:1536–1545, 1995.

CDR Technical Cheese Conference, March 22–23,
1995, Green Bay, WI.

Lai, H.-C. and Ney, D.M. Lymph chylomicron
composition and size with gastric infusion of corn
oil and butterfat fractions in rats. In preparation, J.
Nutr.
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FINAL REPORT

Development of New Dairy Products and the
Adoption Process by U.S. Consumers

Personnel: Brian W. Gould, senior scientist, J.H.
Park, graduate research assistant,Center for
Dairy Research and Department of Agricultural
and Applied Economics

Dates: June 1995 – June 1996

Funding: Wisconsin Milk Marketing Board
UWA9505

Objectives

1.Examine the role of reduced fat dairy products in
meeting US dairy product demand
2. Develop statistical models of dairy product
consumption to examine the role of product
promotion on dairy production adoption and use

Summary

The U.S. dairy industry is restructuring both at the
farm and processing level. On the farm level, there
have been tremendous shifts in the production of
farm milk away from traditional milk production
areas to the west and south central regions of the
U.S. On the processing side, there has been signifi-
cant consolidation of processing firms with the
expectation that such consolidation will continue to
occur over the near term. In terms of consumer
demand, with increased health concerns about
dietary fat intake, the dairy processing industry has
increased efforts to develop reduced fat dairy
products. For example, in the cheese industry,
reduced fat cheeses are in the marketplace. Reduced
fat products currently account for less than 7% of
the natural Cheddar cheese retail market, whereas
light (50% fat reduction) or nonfat products make
up 12% of the American (process) cheese market.
The fluid milk market has had a longer history, and
been more dramatic, with per capita reduced fat
milk consumption exceeding whole milk consump-
tion since the mid-1980’s.

The increased development efforts by the dairy

processing industry to market new products raises
several questions regarding how consumers decide
to buy these new forms of dairy products. The
questions include:  What is the role of promotion in
the adoption process?  What is the role of price?
What is the interactive effect of product character-
istics, promotion and price?  What is the impact of
adoption of new products on the purchases of the
traditional products?

Focusing on the demand for reduced fat dairy
products, and using the Dairy Product Consumer
Purchase database system, we have the potential for
following the weekly dairy product purchase of the
same set of households over the 1991/94 period
(e.g. 170 weekly observations for each household).
We can examine the habits of consumers buying
products like reduced fat cheeses, reduced fat milks,
butter and butter blends, yogurt, etc. Using this
data, we have found that over the April 1991-March
1992 period, more than 45% of cheese consuming
households purchase some type of reduced fat
cheese variety and these reduced fat varieties
account for more than 10% of cheese purchased.
Most households purchased more than one type of
reduced fat dairy product (80%), reduced fat milk
was the most commonly purchased type. More than
70% of households purchased 2% milk, 45%
purchased 1% milk, 42% purchased skim milk and
55% purchased whole milk. More than 45% of
households purchased butter, while more than one-
third purchased butter/margarine blends (Gould,
Carlson and Lin, 1993).

Reduced fat varieties of yogurt and fluid milk have
long possessed sensory characteristics that meet
consumer demands. As discussed in a recent
WMMB sponsored reduced fat cheese conference,
increased reduced fat cheese consumption has
occurred despite the fact that, when compared to
full fat varieties, reduced fat cheese lacks desirable
flavor, texture, functionality and shelf life character-
istics (Center for Dairy Research, 1994). Should
efforts conducted in both private industry and at
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the regional dairy research centers be successful in
improving the quality of reduced fat cheeses,
growth in consumer acceptance of these cheeses
can be expected to exceed recently observed rates.

During FY’s 1994 and 1995, the Wisconsin Center
for Dairy Research initiated a project to analyze the
determinants of changing dairy product consump-
tion patterns on the demand for farm milk. We
focused on the impact of changing consumer
health awareness, socio-economic status, and other
factors that influence both household consumption
of dairy products and choices made within the
household regarding the purchase of reduced fat
varieties. Implications of such choices on farm milk
demand were also presented (Gould and Carlson,
1993a; Gould and Carlson, 1993b; Gould, Carlson
and Lin, 1993; Carlson and Gould, 1994b).

With detailed dairy product purchase information
we can identify whether consumers are willing to
pay a premium for reduced fat products compared
to similar full fat varieties. For cheese manufactur-
ers this may be relatively important, since produc-
tion costs are higher for reduced fat cheeses (Center
for Dairy Research, 1994, p.29).

Modeling the demand for reduced
fat dairy products

In order to investigate the differing demand
structure for full versus reduced fat dairy products,
we developed an econometric model of demand.
This model allows us to incorporate, within a single
model, the simultaneous purchase decision of
which type of dairy product to consume and the
amount to be consumed (Gould, 1996a). This
model accounts for the “competing” nature of dairy
products with differing fat contents with respect to
the consumers dairy foods budget, and it also
incorporates statistical features which control for
the impact that a significant number of households
(individuals) do not consume a particular com-
modity. These commodities are referred to as
having a “censored” demand and special economet-
ric procedures need to be incorporated to avoid the
generation of biased demand coefficient estimates
and resulting biased estimates of income, price, and
demographic elasticities.

As an example, we apply our econometric model of
dairy product demand to fluid milk using three
commodity definitions:  whole, 2% and less than
2%. We apply the model to one year of fluid milk
purchase obtained from the Dairy Product Con-
sumer Purchase database over the April 1991-
March 1992 period. Table 1 provides an overview of
the annual purchase patterns of the sample house-
holds according to what type of milk they pur-
chased over the 1991/92 period. Table 2 provides a
listing of the demographic variables used in the
econometric model to control for their effect on
household milk consumption.

Own- and cross-price and substitution elasticities
were estimated. Table 3 provides estimated price
elasticities. As expected, all own-price elasticities
are negative and significantly less than 1, indicating
that fluid milk manufacturers face an inelastic
demand for their product. All cross-price elastici-
ties were found to be positive and statistically
significant. These positive values support the
hypothesis that milk of different fat contents are
substitutes for one another.

Given the success of modeling consumer demand
for full and reduced fat milks, we are expanding it
to analyze alternative full and reduced fat dairy
products. We intend to apply this model to alterna-
tive types of cheese, food fats and oils and yogurt.
These results can be obtained from the author upon
request.

Modeling the impact of promotion on
dairy product adoption rates

The U.S. dairy industry has responded to decreas-
ing per capita dairy product consumption by
adopting industry-wide advertising and promotion
campaigns. Examples of these programs include
the 1995 $52 million Fluid Milk Processor Educa-
tion Program and the cheese, butter and other
dairy product promotion efforts of the National
Dairy Promotion and Research Board. Recent
evaluations of several dairy advertising campaigns
have indicated a positive net effect of such pro-
grams (Forker and Kinnucan, 1991; Cheese Re-
porter, 1995;  Sun, Blisard and Blaylock, 1995). For
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 8.7
 6.9
16.9
32.6

19.7
25.5
26.5
36.7

Household Type No. of Consuming Amount Std.
Households Consumed Dev.

(Gallons)

Consume all milks 1096
   Whole   9.6 18.6

   Skim 16.0 23.6
   Lowfat 17.9 27.4
   Total 43.6 43.6
Only whole milk 420 27.3 31.2
Only skim milk 411 26.3 35.4
Only lowfat milk 480 29.4 34.2
Whole and skim milk 291
   Whole
   Skim
   Total

Whole and lowfat 621
   Whole
    Lowfat
    Total

Skim and lowfat 984
    Skim
    Lowfat
    Total

All households 4303
   Whole
    Skim
    Lowfat
    Total

Source:  Gould(1996)

17.1
15.1
32.2

23.8
25.0
30.9

14.0
22.1
36.0

25.4
30.4
36.6

15.9
16.7
32.6

31.5
24.9
37.9

Table 1. Milk Consumption Patterns by Consuming Households
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Table 3. Estimated Milk Own- and Cross-Price Elasticities

Commodity Price Elasticity

Whole Milk Skim/1% 2%

Whole Milk -0.803 (0.096) 0.294 (0.050) 0.414 (0.057)

Skim/1% 0.242 (0.044) -0.593 (0.078) 0.253 (0.057)

2% 0.252 (0.039) 0.190 (0.043) -0.512 (0.057)

Note:  Standard Errors are in parentheses.
Source:  Gould(1996a).

Table 2. Means of Exogenous Variables Used in Econometric Model

Variable Variable
Name Units Mean Std. Dev. Population Mean

Household Characteristics:
   Income as percent of
   poverty threshold PCTPOV % 352.3 227.7 ———
   Percent of household
   members < 13 yrs. PERLT13 % 10.3 18.9 ———
   Percent of household
   members > 65 yrs. PERGT65 % 23.3 40.0 ———

Meal Planner Characteristics:
    Non-White NONWHITE 0/1 11.7 ——— ———
    Completed College COLLEGE 0/1 27.3 ——— 22.0

Region of Residence:
    Northeast NE-REG 0/1 5.0 ——— 5.4
    South Atlantic SA-REG 0/1 17.0 ——— 16.2
    Middle Atlantic MA-REG 0/1 17.1 ——— 17.6
    East North Central ENC-REG 0/1 19.0 ——— 17.0
    West North Central WNC-REG 0/1 9.2 ——— 7.3
    East South Central ESC-REG 0/1 5.4 ——— 6.1
    West South Central WSC-REG 0/1 9.6 ——— 10.5
    Pacific/Mountain PAC-REG 0/1 17.7 ——— 19.9
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example, Kaiser and Roberte(1995) evaluated
generic fluid milk advertising in New York City over
the January 1986 - December 1992 period and
found a significant impact on whole and low fat
milk demand. Larson(1992) argues for continued
expansion of such generic agricultural commodity
promotion programs given the positive secondary
benefits of increased effectiveness of associated
branded promotion efforts and protection of
market share from processed substitute products.

Previous evaluations of the effect of promotion
efforts on U.S. dairy product demand have tended
to focus on generic advertising programs at the
aggregate commodity or market level (Blaylock and
Blisard, 1988, 1990; Kinnucan and Forker, 1991;
Sun, Blisard and Blaylock, 1995; Ward and Dixon,
1989; Ward and McDonald, 1986). Little work has
been done at the household level to analyze the
impact of dairy product promotion or to analyze
the impacts of non-advertising promotion efforts.
With proposed changes in U.S. dairy policy to a
more market oriented system, the use of both
advertising and non-advertising promotion efforts
to maintain industry revenues can be expected to
increase. Understanding household impact is
important to understanding the potential benefits
of such efforts.

Household level analyses of the impact of commod-
ity promotion programs typically hypothesize
impact on both quantity and timing of product
purchases (Neslin, Hendersen, and Quelch, 1985;
Gupta, 1988,1991). Figure 1 provides one represen-
tation of the relationship between product promo-
tion, quantity purchased and the dynamics of these
purchases. With commodity promotion effort, there
may be a direct positive impact on quantity
purchased and a negative impact on the length of
time (shorter) between purchases. With less time
between purchases, this implies that household
stocks may be larger. The larger household stocks,
the lower the amount purchased. The net effect of
promotion, therefore depends on the direct pur-
chase impact and indirect stock effects. The
possible conflict of the direct and indirect quantity
impact implies that unless shorter interpurchase
time is recognized, comparing quantity consumed
with and without product promotion may overesti-

mate the true amount by which a particular
promotion campaign increases demand (Neslin,
Hendersen, and Quelch, 1985,  p.150). In terms of
dairy food manufacturers, dairy product promo-
tion efforts may result in increased sales during a
promotion period but the net impact will depend
on the extent to which this increase is due to
consumers switching from other products versus
an acceleration of purchases by current consumers
but with no increase in total purchases (Blattberg,
Eppen, and Lieberman, 1981).

The phenomenon of purchase acceleration may be
viewed positively or negatively from the retailers
view depending on marketing environment. For
example, in a competitive marketing environment,
purchase acceleration may be an explicit objective
undertaken by retailers to counter-act anticipated
marketing efforts of competitors. Alternatively,
without such a predatory situation, purchase
acceleration may result in consumers stockpiling
the commodity that they would have purchased
regardless of the promotion (Neslin, Hendersen and
Quelch, 1985).

For this project we made a first attempt to examine
the relationships shown in Figure 2, by focusing on
the dynamics of the consumer purchase process
(Gould, 1996b). In particular, we examined the
effect of coupon-based price deals on the time
between purchases (e.g., interpurchase times). We
apply econometric models of duration to a fre-
quently purchased food commodity, cheese. We
conducted this analysis by using the 170 week
consumer panel a data set which consists of a
household panel observed over 170 consecutive
weeks from March, 1991 to June 1994. Besides
purchase quantity and price, information with
respect to coupon use and household demographic
characteristics are available.

We used event history analysis to analyze purchases
of four cheese types:  all (excluding cottage),
processed, natural Cheddar, and cottage cheese. A
variety of duration models were used in our
analyses under alternative assumptions concerning
the shape of the frequency distribution of the
amount of time between purchase occasions
(interpurchase time), the role of household charac-
teristics in the determination of such distributions,



CDR Annual Report 1996

44

Figure 1. Relationship between interpurchase time, quantity purchased and
commodity production.

Cheese Type Number of
Households

All Cheese 658 52.5 18.8 3.2 3.3 2.9

Processed 526 35.0 18.7 4.8 4.7 5.0
Cheese

Natural 324 28.5 13.3 5.8 5.7 6.4
Cheddar

Cottage 529 34.9 3.4 4.8 4.7 6.1

Coupons    Coupons

Mean
Purchase
Weeks

Percent of
Purchase
Weeks With
Coupon Use

Cheese

All Weeks    Without      With

Interpurchase Timea

Table 4. Cheese Purchase Characteristics

aThese means are calculated over all purchase occasions and households.
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Figure 2. Hazard rate profiles for alternative household types.
The profiles are generated by using mean values of the demographic variables for the various
subgroups. For example, Hispanic hazard rate profiles for all cheese are calculated based on
mean values of the demographic variables for Hispanic households only. Non-minority house-
holds for these figures are assumed to be households classified as neither Black nor Hispanic.
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and the presence of unobserved heterogeneity
(variation) across households in these distribu-
tions.

In our duration models we hypothesized that the
distribution of cheese specific interpurchase times
were influenced by the use of coupon-based price
deals as well as household demographic character-
istics. Along with two variables used to capture the
effect of coupon redemption on the timing of
cheese purchases, demographic variables were also
included as distribution “shifters.” They were
household size, age composition of household
members, ethnicity of main meal planner, ratio of
household income to poverty threshold incomes,
lagged purchases, whether there was a shelf-price
change since last purchase, dummy variables
identifying the Thanksgiving/Christmas period
and summer months, and urbanization of resi-
dence area.

Table 4 shows cheese purchase characteristics for
our cheese purchase panel. For all cheese, we found
that over 18 percent of the purchase weeks oc-
curred with the use of some type of cents-off
coupon. This is similar to what we found for
processed cheese. Only 3 percent of cottage cheese
purchase occasions involve the use of some type of
coupon. From an examination of average
interpurchase time there appeared to be some
acceleration of purchases. For processed cheese there
was a 1.9 week difference in mean interpurchase
time for weeks associated with coupon use versus
non-coupon use. This compared with .6  weeks for
Cheddar and 1.1 weeks for cottage cheese.

Table 5 provides mean values of exogenous pur-
chase and household characteristics used to explain
cheese interpurchase time. Using the results from
the duration models applied to the four cheeses, we
conducted likelihood ratio tests on the null hypoth-
esis that the distribution of interpurchase time is
not impacted by household demographic charac-
teristics. This was  rejected for all four cheese types.
We also tested the null hypothesis that coupon
redemption does not influence the length of time
between purchases. This hypothesis was also
rejected.

From the above results, we simulate “hazard” rates
profiles for the above four cheeses. These hazard
rate profiles show the instantaneous probability of
a household purchasing given the number of weeks
since last purchase. Figure 1 shows hazard rates for
non-minority, Black, Hispanic, and single person
households.3   From this figure we see that as
interpurchase time increases, Hispanic households
exhibit the largest instantaneous probability
(hazard rate) of purchase for all cheese, while single
person households show the lowest. For all cheese,
after 4 weeks, the hazard rate for the simulated
single-person household is slightly more than .48
compared to more than .67 for Hispanic house-
holds. Single-person households have the lowest
hazard rates except for cottage cheese where Black
households exhibit the lowest profile.

Coupon-based incentive programs continue to be
an important marketing tool. The present analysis
investigated one facet of coupon usage, namely its
impact on the timing of purchases for a frequently
purchased non-durable commodity, cheese. We
estimated a series of duration models for four
cheese classifications:  all, processed, natural
Cheddar, and cottage cheese. We incorporated within
these duration models household demographic
characteristics that allow for the distribution of
interpurchase times to vary across households. The
results of likelihood ratio tests indicate that the
household characteristics included as distribution
shifters are statistically significant factors.

Two variables are used to account for the impact of
coupon redemption on interpurchase times.
Likelihood ratio tests clearly reject the null hypoth-
esis that coupon use has no impact on the timing of
cheese purchases. As hypothesized, the use of
coupons results in reduced interpurchase times for
all cheeses. This impact, however varies across
cheese type, especially when considering the type
of household doing the purchasing.

Previous analyses have shown, coupon promotion
has a direct impact on purchase time and quantity
purchased and indirect impact on quantity pur-
chased that may counteract the direct impact. An
area of future research is one of developing a model
which takes into account the simultaneous
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decisions of coupon use, interpurchase time and
quantity purchased. Previous analyses have not
recognized the simultaneous nature of these
consumer decisions.

Significance to the dairy industry

Our work provides the foundation for future
research to determine the net effect of coupon
promotion on commodity demand and whether the
costs of such promotion are justified. We also
intend to expand the scope of this analysis by
examining purchase timing on other dairy
products.
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Chapter 2

Nonfat Solids Research
Summary
The value added utilization of whey and whey components continues to be the focus for
CDR’s nonfat solids program. Damodaran’s patented process, a modified version of the
procedure in CDR FY94 Annual Report, for lipid removal from whey is now used com-
mercially to produce higher value whey products. CDR researchers are exploring other
new technologies to develop innovative products and processes which increase the
demand for whey products.

Another value added process involves purifying individual proteins from whey. Mark
Etzel has been researching the feasibility of using ion exchange membranes to isolate
these valuable proteins from whey. Last year, he was able to purify glycomacropeptide
from whey using an ion exchange membrane but further work was necessary to isolate
other proteins, including lactoperoxidase and lactoferrin. Mark and his group developed
a lab scale purification process for both the lactoperoxidase and lactoferrin, successfully
scaling this up to a pilot scale process. However, when they attempted the scale up
process for the glycomacropeptide it developed excessive back pressure across the
membrane. Mark is now working with a whey manufacturer, an equipment manufac-
turer and an ion exchange bead manufacturer all interested in solving the problem and
bringing the glycomacropeptide purification technology to a commercial scale.

Research focused on producing propylene glycol from whey or whey permeate continues
to progress. After a series of trials, the growth media has been optimized. Now, continu-
ous removal of inhibitory products from a fermentation has been demonstrated using an
ion - exchange column.

Technology transfer

CDR Open House, March 27, 1996
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INTERIM REPORT

Fractionation of Whey Proteins Using Ion Exchange
Membranes

Personnel: Mark. R. Etzel, associate professor, Dept.
of Food Science; Clovis Ka Kui Chiu, graduate
student, Dept. of Food Science; Ida A. Adisaputro,
student, Dept. of Chemical Engineering

Dates: November 1993 – November 1996

Funding: Wisconsin Milk Marketing Board 93-9

Objectives

The overall objective of this research is to develop
an economical large-scale technology for producing
pure individual whey proteins so that existing whey
protein concentrate manufacturers can convert over
without having to invest in a new plant. This new
technology is needed to exploit the unique nutri-
tional and functional properties of dairy proteins
not found in other proteins derived from soy beans
and eggs. The specific objectives are to:

1. Show that glycomacropeptide, lactoferrin and
lactoperoxidase can be fractionated from whey
using ion-exchange membranes.

2. Show that beta-lactoglobulin, alpha-lactalbumin
and immunoglobulin G can be fractionated into
pure products using multicomponent adsorption
behavior of the ion-exchange membrane.

3. Optimize the fractional properties by modifying
processing conditions such as whey pH and loading
volume, and eluant pH.

4. Scale-up the process by collecting pilot-plant
data needed to design, build and operate a success-
ful commercial-scale process.

Summary

In the past year, lactoferrin and lactoperoxidase
were fractionated from whey using a sulfopropyl
ion exchange membrane cartridge (model S100X,
Sartorius Corp., Edgewood, NY) having a mem-

brane volume of 2 ml. As opposed to prior work
using a large pore-size membrane (50-300 µm), no
mass transfer limitations were observed using this
small pore-size membrane (3-15 microns). Using
filtered whey (0.7 µm filter paper, Micro Filtration
Systems, Dublin, CA), flow rates of 10 and 50 ml/
min were used without significant pressure drop or
loss of performance. Up to 250 ml of whey was
loaded before breakthrough of lactoperoxidase or
lactoferrin. Loading more whey caused the lactop-
eroxidase activity of the effluent to exceed the
lactoperoxidase activity of the inlet whey because
lactoferrin, which binds more tightly than lactoper-
oxidase, displaced lactoperoxidase from the
membrane. Using a 250 ml loading volume of whey,
essentially all the lactoferrin and lactoperoxidase
were recovered from the whey. Two elution peaks
were collected. In the first peak, using 0.3 M NaCl,
pure lactoperoxidase was obtained. In the second
peak, using 0.9 M NaCl, pure lactoferrin was
obtained. Repeated loading and elution cycles were
performed in sequence without cleaning between
cycles, and performance was stable. Based on these
successful laboratory-scale experiments, a pilot-
plant-scale membrane having a volume of 16 ml
was used to scale-up the process by eight-fold. The
cycle time was 9 min, the flow rate was 400 ml/min,
and the loading volume was 2000 ml. Matching
performance was observed, making the next step
the commercial-scale evaluation of the new
process.

Recent efforts centered on fractionating
glycomacropeptide from whey. It is the moiety
cleaved from kappa-casein by chymosin during
cheese making. It occurs at a concentration of 1.2 to
1.5 g/L in sweet whey, comprising 15 to 20% of the
total protein. Glycomacropeptide is an example of a
purified whey protein that has unique medical or
health benefits not found with other proteins.
Developing a technology for fractionation of
glycomacropeptide from whey will allow produc-
tion of a high-value nutraceutical product from
whey.
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Earlier in this research, it was shown that
glycomacropeptide could be fractionated from
whey using a quaternary methyl amine ion ex-
change membrane cartridge (model PSC10-QM,
BPS Separations Ltd., Spennymoor, County
Durham, U.K.) having a 10-mL membrane volume
and a large pore size. Optimal conditions were:
whey pH of 5.5-6.0, loading volume of 100-150 ml,
flow rate greater than 15 ml/min, and 0.3 M NaCl
for elution. The process was scaled-up by a factor of
four using the optimal conditions. Ten cycles were
successfully conducted, yielding 3.2 g
glycomacropeptide from 4.8 L of whey, or ~ 50%
recovery.

In recent research, the Sartorius membrane was
utilized for recovery of glycomacropeptide, but
pressure build-up across the membrane was
excessive. Subsequently, ion exchange beads
(GibcoCel, Life Technologies, Gaithersburg, MD)
packed into a column were used to successfully
recover glycomacropeptide from whey. This
research led to a joint project involving a Wisconsin
whey processor, a dairy equipment manufacturer,
an ion exchange bead manufacturer, and the
University to evaluate the process on a commercial
scale. The graduate student on this project per-
formed an industry-sponsored internship in the
summer of 1996 to help operate and characterize
the prototype process.

Significance to the dairy industry

Although the U.S. market for high value, purified
whey proteins is small at present, several factors
indicate it will grow. Other mayor dairying coun-
tries are developing markets for these purified
individual whey protein products. In the future, the
food industry will demand proteins with higher
nutritional and functional properties because of
the trend towards foods with enhanced health
benefits, lower fat content and lower lactose
content.

The proposed ion exchange membrane process
offers numerous advantages. Evaluating and
optimizing the process should provide the stimulus
for the U.S. dairy industry to expand into the new
domestic and international markets for whey

protein products with enhanced nutritional and
functional properties.

Publications/Presentations

Adisaputro, I.A., Wu, Y.-J., and Etzel, M. R. Strong
cation and anion exchange membranes and beads
for protein isolation from whey. J. Liq. Chrom. & Rel.
Technol., 19(9), 1437-1450 (1996)
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INTERIM REPORT

Conversion of Whey Permeate to Propylene Glycol
for Food and Non-Food Uses

Personnel: Douglas C. Cameron, associate professor,
Dept. of Chemical Engineering, Mark R. Etzel,
associate professor, Dept. of Food Science, Nedim E.
Altaras, graduate student, Dept. of Chemical
Engineering, Roxanne M. Smith, Yi-Jui Wu, stu-
dents, Dept. of Chemical Engineering

Dates: July 1994 – June 1997

Funding: Dairy Management Inc. CME95

Objectives

The overall objective of this project is to develop a
fermentation process for converting lactose in whey
permeate to propylene glycol, a large volume
commodity chemical. The fermentation process
yields an optically pure product, R-propylene glycol,
with added value over synthetically produced
propylene glycol. The specific objectives are to:

1. Screen and select microorganisms capable of
fermenting lactose to propylene glycol.

2. Optimize the medium and environmental
conditions for propylene glycol production from
whey permeate by the organism(s) identified in
Objective 1. The effects of carbon to nitrogen ratio
(C/N), trace nutrients, and medium pH will be
investigated.

3. Develop technology to remove inhibitory acetate
and lactate from whey permeate-based medium
during fermentation to achieve increased propylene
glycol concentration and productivity

Summary

During the first year of this project we demon-
strated that Clostridium thermosaccharolyticum
HG-8 (ATCC 31960) produces some propylene
glycol on unhydrolyzed whey permeate supple-
mented with yeast extract. We have now established

that C. thermosaccharolyticum also produces
propylene glycol from hydrolyzed whey permeate
(WPH) and WPH with added yeast extract, yielding
titers of 4.5 g/l in 48 h in 300 ml anaerobic flasks.
Both glucose and galactose were utilized in the
fermentations.  To further investigate this finding,
eight different whey-based media fermentations
were carried out in triplicate for a total of twenty-
four fermentations.  The eight media were whey or
whey permeate, with or without prior hydrolysis of
lactose, and with or without added yeast extract.
The major products of the C.thermosaccharolyticum
fermentation are propylene glycol, acetate, lactate
and ethanol.  Fermentations of WPH and hydro-
lyzed whey gave greater propylene glycol selectivity
(moles propylene glycol per moles of by-products)
compared to the media with added yeast extract.
However, media with yeast extract produced more
propylene glycol in absolute concentration.
Unhydrolyzed whey and unhydrolyzed whey
permeate were converted to propylene glycol only
with the addition of yeast extract, and selectivity
was lower than it was for hydrolyzed medium.

Although the above research utilizing anaerobic
flasks demonstrated proof of concept, and allowed
initial optimization of media composition and
environmental conditions, productivity was limited
by accumulation of inhibitory products. The focus
of the work on Objective 3 was to increase the
productivity and final titer of the fermentation by
developing new technology for removal of inhibi-
tory products from the broth with ion exchange
resins simultaneous to the fermentation. When
acetate and lactate anions are not removed during
the fermentation, low productivity results due to
product inhibition. When acetate was added to a
level of 20 g/l during the fermentation, cell mass
was significantly reduced, providing evidence of
strong product inhibition. Our research established
that a column packed with Amberlite IRA-400
effectively removes lactate from uninoculated
defined glucose medium, while controlling pH.
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When one anion binds to the column, one hydrox-
ide ion was displaced, which controlled the pH
without the need for adding base.  In subsequent
research, we used a column to extract lactate and
acetate from an actual fermentation using defined
glucose medium.  We set-up a fermentation system
where broth was continuously pumped from a
water-jacketed (60ºC) one-liter fermentor into a
microporous hollow-fiber filter. Cells were returned
directly to the fermentor, and cell-free broth passed
through an anion-exchange column before it was
returned to the fermentor. By establishing a
technology for the simultaneous removal of acetate
from the fermentation broth, we met Objective 3 of
the project.

Significance to the dairy industry

This research will provide the basis for the indus-
trial production of a new fermentation chemical,
propylene glycol, from whey permeate. Propylene
glycol is a major organic chemical with extensive
applications in the food industry, both as an
ingredient and as an antifreeze and heat transfer
fluid. Currently propylene glycol is produced
entirely from propylene, a petrochemical.  This
synthetic propylene glycol is a racemic mixture, a
mixture of left and right handed forms of propylene
glycol. The fermentation process provides a unique
route to enantiomerically pure R-propylene glycol.
Since the other major non-volatile products of the
fermentation are acetic and lactic acid, it may also
be possible to concentrate the fermentation broth
and make a cultured whey product containing
propylene glycol and organic acids.



Chapter 3

Summary

Cheese Research
What makes a Cheddar cheese taste really good? How does that remarkable flavor develop?
These questions have been asked for many years and research continues to provide pieces of
the flavor puzzle. Lindsay and Olson have been systematically looking at the role of milkfat
and how it influences Cheddar flavor. They have determined that cell-associated lipases play a
key role developing proper levels of free fatty acids and specific fatty acids are the key to good
Cheddar flavor. In an associated project, Lindsay’s group is also looking into the mechanism
of Cheddar flavor, and off flavor development, from the interaction of alpha-dicarbonyl
compounds with other cheese constituents. The alpha-dicarbonyls are very reactive com-
pounds. The reaction products can be involved in forming secondary browning flavor
compounds, which may be related to browned or brothy flavor defects. In a joint project,
Wisconsin CDR researchers have been working with scientists at Western Center for Dairy
Protein Research and Technology, characterizing and evaluating selected starter and adjunct
cultures used in cheese making. They have combined selected starter and adjunct cultures
and then used them to make reduced fat Cheddar cheese. The cheeses were evaluated by both
sensory evaluation as well as instrument analyses. In addition, intracellular aminopeptidase
and esterase/lipase activities of the cultures have been analyzed.

Understanding the physical properties of cheeses, and how those properties develop, are both
essential elements needed to produce better reduced fat cheeses. This, in turn, will help to
expand the utilization of cheese as a food ingredient. Gunasekaran, Olson, and others have
been modifying and developing procedures to understand the physical properties of cheese.
Three-dimensional digital analysis, in conjunction with a confocal laser scanning micro-
scope, is providing a picture of the structure of cheese as it ages. Objective machinability tests
and refined rheological methods are providing more information about the physical charac-
teristics of cheeses as a function of composition, manufacturing technique, and age.

Reduced fat and specialty cheeses continue to be an important part of CDR’s cheese technol-
ogy program. CDR researchers Carol Chen and Mark Johnson have been granted a patent
(Pat. # 5,554,398) for a make procedure that produces flavorful reduced fat Cheddar cheese.
Reduced fat Cheddar made with this procedure was featured at the CDR booth at the Institute
of  Food Technologists (IFT) annual meeting this year. The product was well received and
companies have expressed interest in the technology. A no brine, no mixer molder pizza
cheese has also been developed and was shown at the Dairy Management Inc. booth at the
IFT meeting. Sold out specialty cheese seminars, one on Swiss cheeses and the other on
English cheeses, demonstrate the timeliness of these programs. These courses are valuable
because they provide the “hands on” type of instruction that cheese makers appreciate. Gould
and Carlson report some interesting insight into the cost of production as they examined the
economics of specialty cheese production in various regions of the country.
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Technology Transfer

WCMA/CDR Cheese conference, April, 1996

CDR Open House, March 27, 1996

CDR booth at Institute of Food Technologists Annual Meeting, New Orleans,
June 22-26, 1996
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INTERIM REPORT

Cheese Making Properties of Milk from Cows of
Different Milk Protein Genotype

Personnel: Robert Bremel, professor, Josie
Lewandowski, research specialist, Joshua Ruff,
student, Tricia Braaksma, student, Animal Science,
Mark Johnson, senior scientist, John Jaeggi, assis-
tant researcher, Carol Chen, researcher, Brian Gould,
senior scientist, Center for Dairy Research

Funding: Wisconsin Milk Marketing Board
UW9502

Dates: July 1995 – June 1997

Objectives

Year One
1. Select animals from the herd based on
genotyping for kappa casein

2. On farm set-up to segregate milk based on
genotype

3. Manufacture cheese using segregated milk

4. Standard cheese analysis (sensory, composi-
tional, functional)

5. Economic evaluation of milk segregation

Year Two
1. Complete objectives 3, 4, and 5 from above

2. On-farm establishment of experimental herds
specific for particular genotype combinations

Summary

We are working with a producer who has followed a
breeding program that produces cows with a higher
proportion of B allele kappa casein animals. This
herd consists of approximately 200 animals that are
currently milking or will be milking in the next
year.

We delayed the start of this project because of the
unusually hot weather during the summer of 1995.
So far, we collected blood samples and extracted
DNA to perform molecular genotyping. Results are
listed below.

Blood Sampling Results:

➞  ≅ 200 head

➞  7 BB genotype (more kappa as % of
         total  casein, less beta, less alpha)

➞  30 AB genotype

➞  The rest AA genotype

We have now obtained small bulk tanks and
established a procedure for collecting milk. We have
selected animals of each genotype, enough to
provide milk for a 500 lb. lot for cheese making
from each group. Some differences have already
been noted in milk performance, but it is too early
to determine any trends in the data.

Significance to the dairy industry

The milk protein, kappa casein, can affect moisture
and texture in different kinds of cheese. The B
allele, a variant of the gene for kappa casein, is
predominant in Brown Swiss and Jerseys. The A
allele is more common in American Holsteins. The
B allele produces kappa casein that enhances
clotting speed during cheesemaking and thus it
may be a more favorable genotype. If our study can
confirm an advantage, then breeding cows for the B
allele might be a productive way to influence
cheesemaking through milk composition.
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INTERIM REPORT

Studies of the Influence of Milkfat on the Formation of
Flavor Compounds in Cheddar Cheese

Personnel:  Robert C. Lindsay, professor, Dept. of
Food Science; Norman F. Olson, professor, Dept. of
Food Science; David Bogenrief, associate re-
searcher, CDR; Qiaoling Zeng, graduate research
assistant, Dept. of Food Science

Dates: October 1993 – December 1996

Funding: Wisconsin Milk Marketing Board 93-8,
Kraft-General Foods

Objectives

1. To investigate the basic physical and chemical
influences of milkfat on the development of flavor
compounds in Cheddar-type cheeses.

2. To use the information to devise strategies for
manufacturing low fat Cheddar cheeses with flavors
similar to traditional full fat cheese.

Summary

In order to simulate more appropriately the condi-
tions encountered in industry for the manufacture
of Cheddar cheese, pilot-sized, mechanically-stirred
cheese vats have been installed and used through-
out the experiments. Trials composed of the
following lots of cheese are made when the full
range of fats in Cheddar cheese is desired: full fat
(32 % fat); 25% reduced fat (25% fat); 33% reduced
fat (18% fat); 50% reduced fat (12% fat); 75%
reduced fat (3% fat) no fat skim milk (defined as
“0%” fat, but 1.2-2.5% fat).

Cheeses have been manufactured with several
culturing systems which were established with
industry collaboration on identifying desirable
traits. The cheeses were evaluated for flavor by the
project team (both UW and Kraft) according to the
following schedule based on achieved age of the
cheese: 1-2, 3, 6, 9, and 12 months. When some
cheese samples progressed to a point that the

characteristics were beyond commercial or scien-
tific value they were removed from the experimen-
tal design.

Flavor compounds in cheeses from the trials were
analyzed according to the age-based sampling
scheme, and included, where appropriate, the
following analyses:  α-Dicarbonyls (glyoxal,
methylglyoxal, diacetyl) by HPLC; neutral and
sulfur headspace volatiles by GC; higher boiling
flavor compounds by acetonitrile extraction;  free
fatty acids by alumina adsorption and GC; free
amino acids and selected non-volatile compounds
by HPLC.

Results have shown that the fat content greatly
influences the level of free fatty acids in cheese.
Cheeses containing less fat than that obtained at a
33% reduction do not develop adequate levels of
butyric acid and other free fatty acids to provide
cheesy flavors. Addition of free lipase yields
excessive levels of free fatty acids. The key discov-
ery is that cell-associated lipases of microbes in
normal ripened cheese provide the required level of
free fatty acids. Selected cultures of lipase-positive
lactobacillus organisms used as adjunct cultures
provide proper levels of fatty acids.

Studies have revealed that several postulated amino
acid metabolites are present in the aging cheeses,
and appear involved in the flavors of reduced fat
cheeses. Included are p-hydroxybenzoic acid,
phenyllactic acid, p-hydroxyphenyllactic acid, and
methyl p-hydroxyphenyllactic acid. These com-
pounds are influenced by the conditions in full and
reduced fat cheeses, and may be involved in
distinguishing cheese flavors.

Cheeses that have 75%, or greater, fat reduction
build-up much greater levels of methylglyoxal than
those containing higher levels of milkfat. Addition-
ally, the levels of methylglyoxal and other
dicarbonyls decrease during the later stages of
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ripening, and appear associated with the develop-
ment of brothy, umami, and protein-like flavor
defects. The compounds that cause these flavors are
not clearly indicated at this point, but work is
continuing on their identification.

Significance to the dairy industry

One of the major limitations in the development of
expanded markets for lowfat Cheddar cheese is the
development of off-flavors and the lack of develop-
ment of typical desirable cheese flavors. Removing
milkfat and selecting cultures by trial and error has
only produced partially acceptable reduced fat
cheeses. This research is unraveling the complex
associations between the physical aspects and the
flavor chemistry aspects of cheese flavor develop-
ment, and will result in improved flavors in lowfat
cheeses. Such cheeses will greatly increase the
demand for lowfat cheeses and will allow the dairy
industry to provide desirable contemporary
cheeses that the consumer wants.



CDR Annual Report 1996

62

INTERIM REPORT

Mechanisms for Production of Cheese Flavor
Compounds

Personnel:  Robert C. Lindsay, professor, Dept. of
Food Science; Christine Nowakowski, graduate
research assistant, Dept. of Food Science

Dates:  July 1993 – December 1996

Funding: Dairy Management Inc. LD294

Objectives

1. To chemically define mechanisms for the forma-
tion of Cheddar cheese flavor compounds from
interactions of alpha-dicarbonyl compounds
(glyoxal, methylglyoxal, and diacetyl) with other
cheese constituents (amino acids and peptides).

2. To investigate interactions between alpha-
dicarbonyl and the aromatic amino acid flavor
systems in the development of Cheddar cheese
flavors.

3. To relate the findings from the research to the
selection of lactic cultures used in the production
of Cheddar-type cheeses.

Summary

Quantitative analysis of cultures of lactic acid
bacteria have documented the relative abilities of
these organisms to produce glyoxal, methylglyoxal,
and diacetyl. A specially developed method utiliz-
ing bisulfite as a trapping agent has shown that
substantial amounts of dicarbonyls react very
rapidly with amino compounds after their produc-
tion in culturing or cheese media. Dicarbonyls do
not accumulate intracellularly, and are transported
out of cells. Using this procedure, cultures of lactic
acid bacteria have been selected for further experi-
ments based on their relative abilities (low, me-
dium, and high) to produce the respective
dicarbonyls.

Survey studies have shown that the dicarbonyls,
especially methylglyoxal and glyoxal, increase in
young Cheddar cheeses (1 month), and then
steadily decline through 9 months aging. This
period corresponds to that for aged cheese flavor
development in full fat cheese, but it also coincides
with the development of meaty-brothy off-flavors
in reduced fat cheeses.

We are continuing flavor chemistry studies on the
secondary browning flavor compounds that result
from initial amino acid and dicarbonyl reactions,
and these particularly include the Strecker alde-
hydes, pyrazines, and potentially the furanones.
These compounds are produced in Cheddar cheese,
including reduced fat cheeses, and particularly have
been suggested to be related to the development of
browned or brothy flavor defects in low fat cheeses.

Investigations of rates of reactions of individual
amino acids with the respective dicarbonyl com-
pounds have shown that great differences between
amino acids exist for this ability. Thus, likely cheese
flavor forming reactions have been identified based
on the resulting volatile compound properties and
relative rates of reactions. These processes are
under continued investigation in broth and cheese-
based systems for their abilities to influence the
development of cheese flavors. Included are the
sulfur amino acids and aromatic amino acids
which contribute to the low- and high-boiling
flavor compound classes.

Cheese-based model slurry systems prepared by
various methods of sterilization have been devel-
oped. Slurries in barrier pouches that have been
sterilized by selected ultra-high pressure treat-
ments provide suitable models for cheese flavor
development studies. Studies using selected lactic
acid bacteria, enzymes, and cheese flavor chemical
precursors are in progress. Slurries are being
analyzed for key indicator flavor compounds to
assess their mechanisms of formation in cheese.
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Significance to the dairy industry

Cheese flavor development is key to providing
quality cheeses and ingredients to consumers and
the food industry. In order to develop and practice
culturing and manufacturing procedures that yield
consistent and desirable flavors, it is essential to
understand the basis of their formation. This
research will lead to improved cheese flavors which
will increase the demand for cheese and cheese
ingredients.
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INTERIM REPORT

Identification of Microbial Enzymes and Metabolites
Involved in the Development of Lowfat Cheddar
Cheese Flavor (Phase I and Phase II)

Personnel: James L. Steele, associate professor, UW-
Madison Food Science, Mark E. Johnson, senior
scientist, Center for Dairy Research, Jeff Broadbent,
assistant professor, Utah State Univ., Bart Weimer,
assistant professor, Utah State Univ., Kristen Houck,
research specialist, UW-Madison Food Science,
Song Gao, research assistant, UW-Madison Food
Science, Ed Dudley, research assistant, UW-Madi-
son Bacteriology, Jeff Christensen, research assis-
tant, UW-Madison Bacteriology

Dates: June 1994 to June 1997

Funding: Wisconsin Milk Marketing Board
UW9401

Objectives

Please note this report contains information from a
collaborative project with funding from the WMMB
and DMI (through the Western Center for Dairy
Protein Research and Technology). The principal
investigators include Dr. Jeff Broadbent and Dr. Bart
Weimer from Utah State University and Dr. Mark
Johnson and Dr. Jim Steele from The University of
Wisconsin-Madison.

Stage 1:

 1. A systematic characterization of metabolic
properties of starter cultures and flavor adjunct
cultures.

 2. Lowfat cheese (50% reduced) will be manufac-
tured using various combinations of three starter
cultures and six flavor adjuncts.

 3. Detailed sensory and chemical analysis of the
lowfat cheese manufactured for objective 2.

 4. Gene banks will be constructed of the selected
starter and starter adjunct bacteria.

Stage 2: (The following are thought to be the most
likely targets for the second stage; however, these
targets will be altered in response to the results
obtained in stage 1.)

 5. To evaluate the role of primary proteolysis on
cheese flavor development.

 6. To characterize the influence of individual
peptidases from starter cultures and flavor adjuncts
on cheese flavor development.

 7. To characterize amino acid degradation path-
ways in starter cultures and flavor adjuncts and
how they influence cheese flavor development.

 8. To characterize the influence of α -dicarbonyl
production by starter cultures and flavor adjuncts
on cheese flavor development.

Summary

The starter culture and flavor adjuncts used in
cheese trials were characterized with regard to their
intracellular general aminopeptidase activities and
intracellular esterase/lipase activities. Significant
variation was observed among these strains for
both of these activities. The proteinase specificity
was determined for the three starter cultures
employed. Lactococcus lactis S1, SK11, and S3 were
determined to have PI, PIII, and PI/PIII specificity,
respectively. Previous investigators have suggested
that cultures with PI specificity were more likely to
produce bitter cheese. Gene banks have been
constructed of the selected starter and starter
adjunct bacteria.

Forty-two vats of lowfat Cheddar cheese were
manufactured. A grid of three different starter
cultures and six different adjunct cultures (two
strains each of Lactobacillus helveticus, Lactobacil-
lus casei, and Brevibacterium linens) was employed.
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Sensory analysis (both a small expert panel and a
large consumer panel) of these cheeses indicated
that both the starter culture and the flavor adjunct
had a significant impact on the quality of the final
product. Both strains of Lb. helveticus and B. linens
increase the “Cheddar flavor intensity” and reduced
bitterness and off-flavors. Cheeses made with Lb.
casei were more bitter and had elevated levels of
off-flavors. Cheeses made with Lc. lactis S3 were
consistently very bitter.

Capillary electrophoresis, preparative HPLC,
peptide sequencing, and mass spectroscopy have
been utilized to identify seven distinct peptides
from the Cheddar cheese samples. The peptides
which accumulated in specific cheeses are directly
related to the specificity of the proteinase of the
starter culture. A strong positive correlation (r2 =
.90) between the presence of αs1-CN(1-9) and the
level of bitterness in the cheese was observed. It is
not possible to determine at this point whether or
not this is a direct effect of αs1-CN(1-9) or simply
an indicator of proteinase specificity.

To determine which enzymes are most important
in Lb. helveticus CNRZ32’s demonstrated ability to
debitter cheese when used as a starter adjunct,
mutants lacking specific peptidases have been
constructed. Specifically, mutants lacking the X-
prolyl dipeptidyl aminopeptidase, a general
aminopeptidase designated PepC, or another
general aminopeptidase designated PepN have
been constructed. Additionally, all possible double
and triple mutants of these three enzymes have
been constructed. Next, these mutants will be
examined in a cheese slurry system to determine
the relative contribution of each enzyme to
CNRZ32’s ability to debitter cheese.

The catabolism of aromatic amino acids is believed
to play a significant role in the development of
unclean flavors in cheese. It will be important to
examine the interactions between the starter
cultures, non-starter lactic acid bacteria, and
adjunct cultures in order to understand how
aromatic amino acid catabolites are formed in
cheese. To initiate studies in this area, we have
chosen to focus on characterization of the aromatic
amino acid catabolism by lactococci, which are
used as starter cultures in many ripened cheese

varieties. Screening of lactococcal strains for
enzymes known to initiate catabolism of tryp-
tophan was completed and a broad specificity
aromatic amino acid transaminase was detected in
all eight lactococcal strains examined. The varia-
tion between strains for the level of this activity
was at least ten fold. Metabolites produced from
tryptophan by cell-free extracts of Lc. lactis S3 were
indolepyruvic acid, indoleacetic acid, and indole-3-
aldehyde. Indoleacetic acid and indole-3-aldehyde
can form spontaneously from indolepyruvic acid
under the conditions employed. A model system
was developed to determine if the
aminotransferase(s) was expressed and which
metabolite(s) accumulate under conditions which
simulate those of ripening Cheddar cheese. The
results indicated that the aminotransferase(s) was
expressed and stable in the model system. The
tryptophan metabolites which accumulated were
determined to be strain specific.  These results
indicate that the aromatic amino acid catabolic
pathways present in the starter culture may influ-
ence whether or not unclean flavor compounds
accumulate in cheese. Similar studies are currently
being conducted with various lactobacilli and
brevibacteria. The objective of this research will be
to identify the metabolic pathways and interactions
which lead to the accumulation of unclean flavor
compounds in cheese.

Significance to the dairy industry

This project is a collaborative study between
researchers at the University of Wisconsin-Madison
and Utah State University. This collaboration brings
together the expertise of the researchers in cheese
manufacture, physiology of lactic acid bacteria, and
the genetics of lactic acid bacteria in an attempt to
solve the problems of lack of flavor and off-flavors
in lowfat (50%) Cheddar-type cheeses. The ex-
panded expertise and systematic approach is likely
to yield a significant advance in our understanding
of lowfat cheese flavor development. The enhanced
understanding of the basic biochemistry of cheese
flavor development will greatly facilitate the
development of starter systems for the manufacture
of high-quality, lowfat cheese. Lowfat cheese with
the organoleptic qualities of full-fat varieties will
increase consumer acceptance of lowfat dairy



CDR Annual Report 1996

66

products and expand the demand for these goods
to individuals that avoid cheese for reasons of diet
and the absence of high quality lowfat alternatives.

Publications/Presentations
Abstracts

B. Weimer, C. Brennand, J. Broadbent, J. Jaegi, M.
Johnson, F. Milani, B. Mistry, G. Reineccius, J. Steele,
and M. Strickland. (1995). Chemical and sensory
attributes of 50% reduced-fat Cheddar made with
various adjunct bacteria. International Dairy Lactic
Acid Bacteria Conference. Palmerston North, New
Zealand. February 19-23, 1995. Abstract #S 3.4.

J. Steele, M. Johnson, J. Broadbent, and B. Weimer.
(1995). Update: WCDR/Utah State lowfat cheese
research. Wisconsin Cheese Industry Conference.
Green Bay, Wisconsin. March 22-23, 1995. Paper
#12.

Weimer, B., Broadbent, J., Strickland, M., Steele, J.,
Johnson, M., and Jaeggi, J. (1996). Differences in
casein-derived peptides which accumulate in 50%
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various single-strain Lactococcus lactis starters.
International Dairy Federation Symposium on
Ripening and Quality of Cheeses. 73.

Goa, S., Oh D-H., and J.L. Steele, J. (1996). Aromatic
amino acid catabolism by lactococci. International
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peptides in 50% reduced fat Cheddar cheese. Amer.
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Tyrosine and phenylalanine catabolism by Lactoba-
cillus casei flavor adjuncts: Biochemistry and
implications in cheese flavor. Amer. Dairy Sci.
Abstr., 1996.

Gummalla, G., and J.R. Broadbent. (1996). Indole
production by Lactobacillus spp. in cheese: A
possible role for tryptophanase. Amer. Dairy Sci.
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Publications

Gao, S., D-H. Oh, M.E. Johnson, J.R. Broadbent, B.C.
Weimer, and J.L. Steele. 1996. Aromatic amino acid
catabolism by lactococci. submitted
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intracellular enzymes which influence Cheddar
cheese ripening. submitted

Presentations

“Influence of proteolysis and amino acid catabo-
lism on lowfat Cheddar cheese flavor development.”
Dairy Management Inc. Lowfat cheese research
planning meeting. November 1995.

“Aromatic amino acid catabolism by lactococci”. At
the International Dairy Federation’s symposium on
“Ripening and Quality of Cheeses”. February 1996.

“Influence of proteolysis and amino acid catabo-
lism cheese flavor development.”  Southeastern
Dairy Center. March 1996.

“Impact of lactic acid bacteria on cheese flavor
development: proteolysis.” Symposium on “Micro-
bial Generation of Flavors and Pigments” at the
1996 American Society of Microbiology Annual
Meeting. May 1996.

“Influence of proteolysis and amino acid catabo-
lism cheese flavor development.”  Systems Bio-
Industries. May 1996.

“Lowfat cheese flavor development.” Kraft-General
Foods. June 1996

“Proteolytic enzymes of lactic acid bacteria and
their importance in cheese flavor development.”
Symposium on “Recent Advances in Lactic Acid
Bacteria” at the 1996 IFT Annual Meeting. June
1996.

“How to reduce bitterness in lowfat cheese” at the
Twelfth Biennial Cheese Conference. August 1996.
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INTERIM REPORT

Contribution of Endopeptidases from Lactobacillus
helveticus CNRZ32 to Cheese Flavor Development

Personnel: James L. Steele, associate professor, Kurt
M. Fenster, research assistant, Yo–Shen Chen,
research assistant, Kirk L. Parkin, associate profes-
sor, Dept. of Food Science, Mark E. Johnson, senior
scientist, CDR

Dates: July 1994 – June 1997

Funding: Dairy Management Inc. SPJ95

Objectives

1. Characterization of the three endopeptidase
genes.

 2. Construction of CNRZ32 derivatives with altered
endopeptidase activities.

 3. Evaluation of the contribution of individual
endopeptidases to degradation of casein–derived
peptides.

 4. Purification and characterization of selected
endopeptidase(s).

 5. Determination of the role of selected
endopeptidase(s) in CNRZ32’s ability to reduce
bitterness and accelerate cheese flavor develop-
ment.

 Summary

An endopeptidase clone, designated EPII, was
previously identified in a Lb. helveticus CNRZ32
genomic library using the endopeptidase sub-
strates, N–benzoyl–Phe–Val–Arg–pNA and N–
benzoyl–Pro–Phe–Arg–pNA. Restriction analysis
of this clone revealed that the clone contained a 2.5
kbp insert. Tn1000 mutagenesis was used to
localize the EPII gene to a 1.3 kbp region of the
insert. The insert was completely sequenced and
the open reading frame encoding EPII was found to
be 1,317 bp in length. A homology search with EPII
revealed that EPII shared 40% identity with the

CNRZ32 aminopeptidase C and was a member of
the cysteine proteinase family. Analysis of the EPII
gene strongly indicates that it is an intracellular
endopeptidase due to the lack of a signal sequence.
Analysis of the EPII gene also suggested that this
gene was transcribed monocistronically due to the
presence of a putative promoter region as well as a
strong terminator. Northern analysis is currently in
progress to confirm that EPII is transcribed
monocistronically.

CNRZ32 mutants lacking EPII have been con-
structed using a gene replacement technique.
Preliminary characterization of these mutants in
MRS broth, milk, and defined medium is in
progress to determine how EPII contributes to
growth of CNRZ32 in these media.

The purification of EPII is currently in progress
using a protein fusion purification kit supplied by
New England Biolabs, Inc. Preliminary steps, such
as the construction of the fusion protein necessary
for the purification, have been completed.

To determine the role of EPII in casein hydrolysis
by Lb. helveticus CNRZ32, isogenic strains differing
in only their EPII activity will be evaluated, as well
as, the specificity of the purified EPII on casein–
derived fragments.

A second endopeptidase clone, designated EPIII,
was previously identified in a Lb. helveticus
CNRZ32 genomic library using the endopeptidase
substrates, N–benzoyl–Pro–Phe–Arg–pNA and N–
benzoyl–Val–Gly–Arg–pNA. Restriction analysis of
this clone revealed that the clone contained a 6.5
kbp insert. This insert was subcloned and partially
sequenced. An open reading frame encoding EPIII
was found to be approximately 2.0 kbp in length. A
homology search with EPIII revealed that EPIII
shared 47% identity with the Lactococcus lactis
PepO endopeptidase; therefore, EPIII was desig-
nated PepO. The Lc. lactis PepO gene is part of an
operon containing the ATP–driven oligopeptide
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transport system. Identification of an open reading
frame putatively encoding a protein associated with
the ATP binding cassette of the oligopeptide
transport system in CNRZ32 has been made
upstream from PepO. Research is currently in
progress to confirm the presence of the
oligopeptide transport system and to characterize
the relationship between PepO and this transport
system.

Construction of a PepO mutant in CNRZ32 is in
progress. The construct used to create a PepO
mutant in CNRZ32 via gene replacement has been
made. Once PepO mutants have been obtained,
preliminary characterization of these mutants will
be made in MRS broth, milk, and defined medium.

To determine the role of PepO in casein hydrolysis
by Lb. helveticus, isogenic strains differing in only
PepO will be evaluated in cheese. PepO will also
have to be purified to identify the specificity of
PepO on casein–derived fragments.

Significance to the dairy industry

The construction of derivatives of Lb. helveticus
CNRZ32 which differ only in the activity of an
individual endopeptidase, will allow the role of that
enzyme in flavor development to be demonstrated.
If an endopeptidase is determined to be the rate-
limiting enzyme for the degradation of bitter
peptides and/or the formation of free amino acids
or peptides with beneficial flavor attributes, then
strains which overproduce this enzyme will be
constructed. These strains could then be used to
produce both traditional and lowfat cheese variet-
ies; these cheeses should display less bitterness and
develop cheese flavor more rapidly.
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INTERIM REPORT

Process Modification of Starter Cultures for Flavor
Enhancement in Lowfat Cheese

Personnel: Mark. R. Etzel, associate professor, Brian
Chi-Shung To, graduate student, Dept. of Food
Science

Dates: July 1994 – June 1997

Funding: Dairy Management Inc. ETZ 95

Objectives

The overall objective of this research is to develop
more flavorful lowfat Cheddar cheese by using
process-modified starter culture adjuncts that
accelerate the ripening process. Processing condi-
tions are to be developed which reliably modify the
culture characteristics to permit flavor enhance-
ment in lowfat cheese. This allows the manufacture
of more consistent and flavorful lowfat cheeses,
thus increasing the demand for cheese and milk.
The specific objectives are to:

1. Establish methods for small-scale production of
cell pastes of candidate cultures.

2. Freeze, freeze dry and spray dry the cell paste
solutions using processing conditions which range
from attenuating to preserving of metabolic
activity.

3. Analyze the cell pastes, solutions and cell pow-
ders for metabolic activity, specifically cell survival,
lactic acid production, and ß-galactosidase and
aminopeptidase activity.

4. Select the cultures and processing conditions
which are best for flavor enhancement in lowfat
cheese, and then produce large amounts of adjunct
needed for cheesemaking.

Summary

The culture Brevibacterium linens ATCC 9174 was
selected as the first candidate for investigation. B.
linens is responsible for the ripening of surface-

ripening cheeses such as Limburger and Brick.
Incorporation of this obligate aerobe into Cheddar
cheese, as an adjunct to the normal starter culture,
has been shown to enhance the rate and extent of
flavor development. Inexpensive methods for
producing, preserving, and distributing these
adjuncts cultures must be developed before wide-
spread use in the dairy industry is economical. For
this reason, the effects of processing (freezing,
freeze drying and spray drying) on the characteris-
tics of B. linens were measured in this research.

Survival was 100% for B. linens after freezing and
freeze drying. For spray drying, survival was halved
for every 5 °C increase in the outlet air temperature.
Heat was the sole mechanism decreasing cell
survival during spray drying. Thermal resistance
was measured vs. moisture content and tempera-
ture, resulting in D-values ranging from 120 min at
25.3% solids and 44.0°C to 2.6 min at 46.2% solids
and 55°C. This is much more heat sensitive than
alkaline phosphatase, an indicator of proper
pasteurization of milk. However, thermal inactiva-
tion of B. linens during spray drying can be elimi-
nated by proper selection of the outlet-air tempera-
ture. By extrapolation of the data, 100% survival
would occur at an outlet air temperature of 57 °C.
The freeze dried and spray dried cultures were
stable during prolonged storage at 4 °C only if
oxygen and moisture scavengers were included in
the container.

In the second part of this investigation, five lactic
acid bacteria, Lactococcus lactis ssp. cremoris D11,
Lactobacillus casei ssp. pseudoplantarum UL137,
Lactobacillus delbrueckii ssp. bulgaricus CH3B,
Lactobacillus acidophilus NCFM and Streptococcus
salivarius ssp. thermophilus CH3TH, were separately
frozen, freeze dried or spray dried, and tested for
survival and lactic acid production before and after
processing. Greater than 86% of the cells survived
freezing. Of these survivors, approximately two
thirds survived the dehydration step of freeze
drying, except for Lb. bulgaricus, for which one fifth
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survived. Survival after spray drying was greatest
for S. thermophilus and lowest for Lb. bulgaricus. In
contrast to freezing and freeze drying, spray drying
caused a significant delay in lactic acid production.

Significance to the dairy industry

The results of this research will help advance the
cheese industry. The demand for lowfat cheese is
growing. This new technology will help in develop-
ing lowfat cheeses with a flavor and texture as
desirable as in full-fat cheeses. These lowfat cheeses
will be popular for producing spray-dried powders
for use in lowfat convenience foods such as cheese
nachos and frozen dinners, and will appeal to
consumers on lowfat diets who may have reduced
their consumption of traditional full-fat cheeses.
This new technology will help to accelerate the
already increasing demand for cheese, which will
directly result in an increased demand for milk.

In addition, the results of this research will help to
advance the starter culture industry, most of which
is based in Wisconsin. According to Dr. Doug
Willrett, Technical Director at Marschall Products,
“Much of the basic research on culture preservation
is lacking and is not generally performed by the
starter culture industry. Most of our resources are
directed towards the direct servicing of our cus-
tomers and assisting them with their applications.
We depend on academic institutions such as the
UW-Madison to conduct the type of basic studies
you have proposed for our continued renewal.
Without them, it would be difficult for our industry
to advance.”

Publications/Presentations

To, B.C.S. 1996. Properties of Brevibacterium linens
and five different lactic acid bacteria attenuated by
spray drying, freeze drying, or freezing. M.S. thesis,
Univ. of Wisconsin, Madison.

To, B.C.S. and Etzel, M.R. 1996. Spray drying, freeze
drying, or freezing of five different lactic acid
bacteria. (submitted)

To, B.C.S. and Etzel, M.R. 1996. Survival of
Brevibacterium linens (ATCC 9174) after spray
drying, freeze drying, or freezing. (submitted)

To, B.C.S. and Etzel, M.R. 1996. Survival of
Brevibacterium linens ATCC 9174 after spray
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INTERIM REPORT

Evaluating Microstructure of Reduced Fat Cheese by
Computer Image Processing

Personnel: S. Gunasekaran, associate professor, Ag.
Engineeering, N.F. Olson, professor, Dept. of Food
Science, M. Johnson, senior scientist, CDR, K.
Muthukumarappan, associate researcher, Ag.
Engineering, and S. Y. Kim, research assistant, Ag.
Engineering

Dates: July 1993 – June 1997

Funding: Dairy Management Inc. GK394

Objectives

1. Develop computer imaging system for acquiring
digital images of the microstructure of reduced fat
cheeses.

2. Develop a computer algorithm and software to
process the digitized images and extract various
distinguishing features of fat globules such as size,
shape, distribution, and surface characteristics.

3. Study the effect of composition, manufacturing
process parameters, and age on the structure
development in reduced fat cheeses.

4. Establish objective relationships among the
microstructural features and properties and quality
attributes of the cheese.

Summary

A number of manufacturing process parameters
affect the structure development in cheese. These
include fat and moisture content of cheese, curd pH
at draining of whey, curd handling, and proteolysis.
Understanding how these variables affect function-
ality and structure development in cheeses would
allow better process control and use of a wider
variety of raw materials. Objective evaluation of
three-dimensional (3D) characteristics is impor-
tant when studying the microstructure of materials
with non-uniform distribution of internal elements.
Digital image analysis in conjunction with confocal

laser scanning microscope (CLSM) allows objective
characterization of 3-D microstructural features of
cheese.

Cheddar cheeses were manufactured at the UW
dairy plant with different levels of fat (full-fat, 33%
reduced & 50% reduced), moisture (53, 55 & 57%),
curd pH at draining of whey (6.05, 6.2 & 6.35), curd
handling method (stirred- and milled-curd),
chymosin level (0.33, 1.00 & 1.66) and trypsin level
(normal, 3 times normal & 6 times normal).

Using the software we developed, the sequential
layers of 2-D micrographs obtained from CLSM
were used to reconstruct its 3-D network.  The 3-D
size and shape characteristics of the fat globules in
cheese were evaluated.  The data inTable 1 show
average diameter (spherical), z-diameter (S Ni Di

3 /
S Ni Di

2), number of fat globules, and sphericity of
the fat globules. The fat globules were classified as
boundary touching (BT) and boundary non-
touching (BNT). The BT globules are those that
were not totally contained within the sample
examined in the CLSM.  For analysis purposes, only
those BNT globules of at least 1 µm3 in volume were
considered. They represented more than 99% of the
fat.  From 2-D micrographs of varying FDM of
Cheddar cheeses, it appears that the average size of
the fat globules decreased with decreased FDM.  In
contrast to this appearance, the average spherical
diameter and z-diameter of BNT fat globules
increased with decreased FDM. Some very large fat
globules present in the low-fat cheeses, as evi-
denced by high standard deviations, may explain
this. On the other hand, as cheese fat content
decreased, the average spherical diameter and z-
diameter of BT globules also decreased.

The size distribution of the BT globules varied
highly.  Most of the BNT fat globules were smaller
in size (< 4 µm) based on the total number of fat
globules present in the sample. However, based on
the total globular volume, most of the BNT fat
globules were greater than 4 µm. Number of BT
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globules in all size categories were higher than the
number of BNT fat globules except for the size
category less than 2 µm. Based on the total globular
volume, the BT globules represented most of the fat
(at least 90%). As cheese fat content decreased, the
number of BT and BNT fat globules dispersed
within the protein matrix increased.  Similar
correlations were observed during all stages of
maturation and they were statistically significant.
The BNT fat globules were more spherical than the
BT fat globules. Average sphericity of BT and BNT
fat globules of low-fat cheeses (26.4 and 46.9%
FDM) was higher than that of full fat cheese (58.3%
FDM).

The 2-D microstructure of 58.3% FDM Cheddar
cheese samples during the ripening period are
shown in Figure 1. It appears that there was an
increasing trend of confluence of smaller fat
globules into larger fat globules. Similar observa-
tions have been previously reported in the litera-
ture. The average fat globule size (spherical- and z-
diameter) of three different fat Cheddar cheeses
during maturation is presented in Table 2.  Both the
average spherical- and z-diameter of all three
cheeses increased during the first 8 wks of aging
and then decreased during subsequent maturation.
The differences were statistically significant
between 0 and 8 wk and 8 and 24 wk age cheeses.

The fat globule size distribution of both stirred
(58.3% FDM) and milled curd (55.9% FDM)
cheeses at 0 wk age based on total globule number
is presented in Figure 2. All the fat globules in the
stirred curd cheese sample were distributed within
0-8 µm. However, the fat globules in the milled curd
cheese sample were distributed between 0-12 µm
range and some of the globules were of the size
greater than 12 µm. The fat globule size distribution
changes as the cheeses aged.  At 0 wk, the stirred
curd cheese sample had a greater number of
smaller (< 2 µm) fat globules than the milled curd
cheese sample. However, at 24 wk the stirred curd
cheese sample had a greater number of larger (> 2
µm) fat globules than the milled curd cheese.

Significance to the dairy industry

The digital image processing method we have
developed is a powerful tool for objectively evaluat-
ing the microstructure of cheeses. In conjunction
with the confocal laser scanning microscopy
(CLSM), this method provides an efficient means
for investigating structure (and thus texture) of
cheeses that is affected by a number of composi-
tional and manufacturing process parameters. This
information will provide useful feedback to cheese
manufacturers and may help them control the
necessary factors to manufacture cheeses of
prespecified textural characteristics.

Table 1. Fat globule size and shape of three different Cheddar cheeses at 1 day of age

% FDM      Spherical diameter, µm        z-diameter, µm Sphericity

   BNT* BT BNT BT BNT BT BNT BT
58.3   2.01± 0.60 9.24±16.13 2.36 49.05  14 15 0.534±0.07 0.499±0.14
46.9   2.53±1.33 5.25±9.52 4.12 42.31 56 44 0.599±0.09 0.573±0.11
26.4   2.77±1.42 5.67±6.97 4.41 25.66 104 79 0.581±0.06 0.544±0.12

* BNT-Boundary Non-touching; BT-Boundary Touching

No. of fat
globules
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Table 2. Fat globule size and shape of three different Cheddar cheeses during maturation

Age, Average spherical diameter, µm Average z- diameter, µm

         FF1       MF        LF         FF        MF        LF

0 2.13 ± 0.30 2.31 ±0.16 2.82 ±0.15 2.94 ±0.74 2.95 ±0.96 4.57 ±0.22
4 2.30 ± 0.46 2.39 ±0.26 2.89 ±0.30 3.03± 0.64 3.76 ±0.26 5.01 ±1.05
8 2.53±0.48 2.3 6± 0.31 3.19± 0.22 3.84± 0.80 4.00 ±0.87 5.53 ±0.41
24 2.13± 0.07 1.79 ±1.27 2.78± 0.20 3.25± 0.75 2.63± 1.86 4.53 ±0.37

1 LF, MF & FF represent 26.4, 46.9 & 58.3 % FDM Cheddar cheeses, respectively

 wk

Figure 1. CLSM Micrographs of 58.3% FDM Cheddar cheese at different aging.
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Figure 2. Distribution of fat globule size in stirred-curd, full-fat (SCFF) and milled curd full-fat
(MCFF) cheese.
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INTERIM REPORT

Machinability of Reduced Fat and Lowfat Cheeses

Personnel: S. Gunasekaran, associate professor, Ag.
Engineeering, N. F. Olson, professor, Dept. of Food
Science and  K. Muthukumarappan, associate
researcher, Ag. Engineering

Dates: July 1995 – June 1997

Funding: Dairy Management Inc. GNO96

Objectives

1. Characterize rheological and fracture properties
of cheese as a function of cheese type, composition,
age, temperature (35º to 50ºF), and cutting speed.

2. Describe the reasons for poor machinability
(cutting and shredding) based on the experimental
data and physical chemistry of cheese.

3. Quantify effectiveness of the commercial shred-
ding operation by characterizing the integrity and
uniformity of the shreds and relating the shred
quality information to cheese-machine factors.

Summary

With numerous new cheese-containing food
preparations introduced in the market place, use of
machined cheeses will continue to grow. Most of
the cheese used as a food ingredient is in one of the
following machined forms – shredded, diced,
grated, or sliced. Cheese manufactured in large
blocks is cut into smaller pieces for direct sales as
table cheese or for other process operations such as
shredding. In this project we are investigating a
number of variables and how they affect cheese
fracture.

Cheddar cheese samples of different fat contents
(8.0, 14.5 and 35.5%) were manufactured at the
UW Dairy Plant. Mozzarella cheese samples of two
fat contents (13.5 and 33%) were obtained from a
commercial manufacturer. The cheese samples
were stored at 4ºC until testing. All tests were

carried out at room temperature (20±2ºC). The
cheese samples were cut at different speeds (5 to 50
cm/min) with an Instron model 1130 machine. A
wire cutter was designed and fabricated using
stainless steel spring-tempered wire. Seven wires of
different diameters (0.46 to 1.4 mm) were used for
cutting cheese. Cheddar cheese samples were tested
at 1, 3, 6, 9 and 12 wk after manufacture; and the
Mozzarella cheese samples were tested at 3 weeks.

Elastic-plastic fracture mechanics theory was
adopted to analyze the data. According to this
theory, the material is considered to flow only in a
limited area around the crack tip. Therefore, the
stored and flow energies are limited. During wire-
cutting, only the material in the vicinity of the wire
is disturbed. The force-time curves obtained during
wire-cutting had an initial linearly-increasing part
corresponding to the wire entry into the sample
followed by a constant value. This constant force
was recorded as the cutting force.

The cutting force vs. sample length plot (Fig. 1)
shows that a linear  increase in cutting force with
the sample length. The slope of this curve is termed
as specific energy (SE). From the specific energy vs.
wire diameter plot (Fig. 2), specific fracture energy
(SFE) was calculated by determining the SE for zero
wire diameter (by extrapolation). The SFE repre-
sents the energy required only to fracture the
cheese.

The SE increased with decreasing FDM (fat in the
dry matter). For example, the SE of 57.6, 29.2 and
16.7% FDM Cheddar cheese samples were 454.8,
782.4 and 902.4 J/m2, respectively. Similarly, for
Mozzarella cheese, the SE of 33% and 13.5% FDM
cheeses were 280.2 and 612.9 J/m2, respectively. SE
increased linearly with the speed of cutting for all
wire diameters. At a given cutting speed, SFE
correlated linearly with the wire diameter. We also
studied the effect of age of cheese on SFE. In
general, SFE of Cheddar cheeses was the lowest at 3
weeks.
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Significance to the dairy industry

The results of this project will help to elucidate the
reasons for poor shreddability of lower fat cheeses.
We will be able to help cheese makers and manu-
facturers to selectively control such factors as
cheese composition, age, temperature and cutting
speed to obtain a product of expected quality. The
results of quantitative analysis of cheese shred

characteristics will provide valuable feedback
regarding the effect of process parameters to
manufacture high quality shredded cheese. End
users will be able to specify shred requirements
more precisely in measurable parameters. The
ability to meet their requirements will command a
better price and a higher market share for shredded
cheese.

Figure 2. Specific energy vs.
Wire diameter for Mozzarella
cheese (fat content: 33% FDM;
age: 3 wk) at different cutting
speeds.

Figure 1. Cutting force vs. Sample
length of one-week old Cheddar
cheese of different fat levels (wire
diameter: 1.3 mm; cutting speed:
5.1 cm/min).
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INTERIM REPORT

Structure Function Relationships During Melting and
Cooling of Lower Fat Cheeses

Personnel: S. Gunasekaran, associate professor, Ag
Engineering, N. F. Olson, professor, Food Science,
D.J. Klingenberg, assistant professor, Engineering,
and R. Subramanian, research associate, Ag Engi-
neering

Dates: July 1995 – June 1998

Funding: Wisconsin Milk Marketing Board
UW9504

Objectives

1. Determine and evaluate the quantitative changes
in the cheese microstructure using the confocal
laser scanning microscopy and digital image
processing techniques.

2. Measure fundamental rheological parameters via
transient and dynamic viscoelastic experiments.

3. Determine melt and flow characteristics via
objective rheological tests and empirical methods.

4. Develop hypotheses to explain changes in
functional properties in terms of microstructural
and rheological properties, compositional factors
and chemical changes in the cheese.

Summary

To better understand the relationship between
structural and rheological characteristics small
amplitude or linear deformation is imposed in
order to prevent any structural damage. Within this
linear range of deformation, viscoelastic rheologi-
cal properties are independent of the magnitude
and rate of deformation or force.  These measure-
ments are normally made by applying a sinusoi-
dally varying strain (or stress) at a certain fre-
quency (ω) and measuring the resulting stress (or
strain) in the sample. Data obtained include  two
components of complex shear modulus (G*): 1.
Storage modulus (G’) which represents solid-like or

elastic character of a viscoelastic material, and it is
a measure of energy stored and subsequently
released. 2. Loss modulus (G”) which represents the
liquid-like or viscous character of a viscoelastic
material, and is the energy dissipated per cycle of
deformation. They are related as: |G*|2 = (G’)2 +
(G”)2 .  Also,  G”/G’ is the loss tangent (tan d). For
an elastic (Hookean) solid  δ = 0%; For a viscous
(Newtonian) fluid, δ = 90%; and for a  viscoelastic
material, 0 <δ< 90%.

A Bohlin VOR rheometer (with a 89.526 g-cm
torsion bar and 30 mm diameter parallel plates
measuring system) was used to study the effect of
heating and changes in texture of cheese by
measuring the dynamic mechanical spectra.  In
order to prevent slippage a coarse sand paper was
glued to the upper plate. Low-moisture, and lowfat
part-skim Mozzarella cheeses were made in the
UW Dairy Plant. Cheese blocks were vacuum
packaged in plastic bags and ripened at 6-8ºC.
Disk-shaped samples (mean thickness of 3.5 mm
and diameter of 30 mm) were cut from refrigerated
cheese blocks after 1, 4 and 12 weeks of aging. The
temperature of the lower plate of the measuring
system was maintained by circulating water from a
water bath. The sample was placed on the lower
plate and then the upper plate was brought in
contact with the sample. The sample was held for 2-
3 min to attain temperature equilibrium.

Strain sweep measurements were made at frequen-
cies of 9.43 and 62.83 rad/s in order to obtain the
limits of linear viscoelasticity.  The linear viscoelas-
ticity region decreased with increasing temperature
(Fig. 1) and age. The lowest linear range value of
about 0.05% shear strain was obtained at a tem-
perature of 70ºC after 12 wk of ripening.  Therefore,
for a wide temperature range study of linear
viscoelastic properties, the strain should be limited
to 0.05%.

Frequency sweep measurements (frequency range
from 0.63 to 125.66 rad/s) were performed at a
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shear strain of 0.05% for different temperatures
(10-70ºC) and age.  Proteolysis during ripening led
to softening of the cheeses and thus decrease in
dynamic viscoelastic properties. Variation of G’ vs.
ω, as a function of temperature, for one week-old
cheese is shown in Fig. 2. The storage modulus of
low-fat,  part-skim Mozzarella cheese was greater
than that of low-moisture, part-skim Mozzarella
cheese at the same conditions.  Master curves (at a
reference temperature of 40ºC) were obtained by
shifting the temperature-dependent frequency
dispersion of storage modulus after 1, 4 and 12
weeks of aging (Fig. 3). We found no significant
change in the storage modulus after 4 weeks of

aging. The master curve significantly extends the
frequency range which is otherwise very difficult, if
not impossible, to cover by direct methods of
measuring the moduli at a single temperature.

Significance to the dairy industry

The results of this investigation will help us better
understand the observed loss of textural qualities
in low-fat cheeses in terms of changes in structural,
rheological, chemical, and sensory properties. Such
an understanding is crucial for systematic modifi-
cation of cheeses to attain desired functionalities.

Figure 1. Storage modulus vs. Shear strain as a function of temperature (lowfat part-skim
Mozzarella cheese; age = 1 wk; frequency = 9.43 rad/s).
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Figure 2. Frequency sweep test showing changes in G’ as a function of temperature (lowfat,
part-skim Mozzarella cheese; age = 1 wk; strain = 0.05%).

Figure 3. Master curve constructed from several frequency sweep tests of data for different
aging (lowfat part-skim Mozzarella cheese; reference temperature = 40ºC).
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FINAL REPORT

Manufacture of a New Reduced Fat Cheese for Use
on Pizza Pies

Personnel: Carol M. Chen, researcher, Mark E.
Johnson, senior scientist, Amy L. Dikkeboom,
research specialist, John J. Jaeggi, associate
researcher,William A. Tricomi, assistant researcher,
CDR

Funding: Dairy Management Inc. CH 295

Dates: July 1994 – June 1996

Objectives

1. To determine a non-pasta filata manufacturing
procedure for a 25% and 75% reduced-
fat pizza cheese (correlates 42% and 19% FDB,
respectively). These cheeses should have similar
melt and stretch characteristics as Mozzarella
cheese.

2. To evaluate the physical and sensory characteris-
tics of a 25% reduced-fat pizza cheese compared to
low moisture, part-skim Mozzarella and a 75%
reduced-fat pizza cheese to 50% reduced-fat
Mozzarella cheese.

Summary

In the first year of the project two different manu-
facturing approaches were taken to produce a
reduced-fat pizza cheese. A manufacturing protocol
similar to that of lower fat Mozzarella (2) or 50%
reduced-fat Cheddar cheese (1) was completed.
These protocols included removing a portion of
whey after cutting and adding water back. In both
cases the moisture content of the cheese was too
low (40-43% for 25% RF Pizza cheese, 46-51% for
75% RF Pizza cheese.)  Overall, these cheeses were
more meltable and less stretchable than desired.

In the second year of the study, we focused on two
areas:  increasing cheese moisture and limiting
proteolysis during aging. To achieve a relatively
high moisture and reduced-fat content, we began
with part-skim milk, then slowed the rate of acid

production and shortened the total manufacturing
time (less than 2 h from addition of milk coagulant
to hooping). A wash treatment was incorporated to
insure a final cheese pH of 5.25-5.35. Cheese
composition and pH results can be found in Table 1.
Mozzarella’s unique characteristics of both melt
and stretch are related to pH and the heat treatment
it receives when going through the mixer. The heat
treatment inactivates residual milk coagulant,
reduces starter populations and decreases the
potential for casein hydrolysis in the cheese during
refrigerated storage. (Good stretch is correlated
with intact casein.) The pizza cheese manufactur-
ing protocol does not use a mixer. Less milk
coagulant was used to decrease the amount the
residual milk coagulant activity.

The final product

Laboratory tests demonstrated that pizza cheese
has similar physical characteristics to Mozzarella
(see Table 2). Cheese meltability (flow) was as-
sessed by thermal and microwave melt assays. In
baking applications, the pizza cheese did not flow
off of the crust, whereas Mozzarella cheese did. The
pizza cheese maintained a 10" and 5" stretch
through 3 months of aging, for the 25% and 75%
reduced-fat cheeses, respectively.  Shredding the
pizza cheese posed no problems. A consumer taste
panel conducted by the UW Sensory Analysis
Laboratory found no significant differences in the
preference of the 25% reduced-fat pizza cheese and
low moisture, part-skim Mozzarella. Of the 152
unscreened panelist, 127 scored the pizza cheese in
a “like” category as compared to 116 for the low
moisture, part-skim Mozzarella.

There are differences between our pizza cheese and
Mozzarella that may be considered advantageous.
They include:
• No browning. Due to the starter culture used and
altered manufacturing protocol Wisconsin CDR’s
pizza cheese has no residual sugar and will not
brown during baking.
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• 50% less oiling off. During the mixing process in
Mozzarella manufacture, the curd is heated,
stretched and molded under hot water. The liquid
fat and water pool around the protein strands. In
Wisconsin CDR’s pizza cheese process, high
temperatures are not used and thus the fat globules
remain smaller and more dispersed within the
cheese matrix. Pools of oil are less likely to form
from the cheese during the heating and baking
process of the pizza.
• 50% fewer blisters. With a more homogenous
product, fewer pockets of water develop which can
turn into steam upon cooking. These pockets of
steam cause the cheese to bubble, forming blisters.
• White, more opaque color (both unmelted and
melted). Smaller and more numerous fat globules
reflect light more effectively. Due to the whiter
appearance, tasters commented it looked like there
was more cheese on the pizza. Many commercial
pizza makers request an extremely white cheese on
their pizza pies.

Table 1. Cheese composition1.

Moisture  Protein Fat  Salt pH

25% Reduced-Fat Pizza cheese 47.04  27.33  22.30   1.63   5.18
Low moisture, part-skim Mozzarella 46.46  27.54  21.70   1.53   5.23
75% Reduced-Fat Pizza cheese 54.06  33.16  8.45   1.65   5.21
Lower Fat Mozzarella 54.09  33.88  8.30   1.61   5.21

1 Results are the means of 3 trials.

Significance to the dairy industry

The results of this study benefit cheesemakers in
several ways. Because no mixer molder or brine
system is needed, manufacturers of stirred curd
cheeses (i.e. Cheddar, Colby, Muenster, or Brick) can
produce a cheese appropriate for pizza. The result-
ing cheese is more homogeneous (brining can
result in salt gradients within the cheese which
influences cheese properties.)  Bypassing the mixer
step results in less fat loss. In our trials, fat recovery
increases from about 86 to 91%, giving higher
cheese yields. See Table 3.

 (%) (%)          (%)         (%)   at 1 month

Table 2. Summary of Physical characteristics at 30 days1.

Thermal melt Microwave Stretch
at 8 min melt
(mm) (mm) (cm)

25% Reduced-Fat Pizza cheese  53 84 31
Low moisture, part-skim Mozzarella  55 81 51
75% Reduced-Fat Pizza cheese  35 71 20
Lower fat Mozzarella  35 70 18

 1 Results are the means of 3 trials.
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Table 3. Estimated fat recovery and cheese yield for 25% reduced-fat pizza cheese and low
moisture, part-skim Mozzarella.

   % Fat Recovery   % Cheese yield Increase in
lbs cheese per
50,000 lb milk

Mozzarella 86.5 9.26 NA
Pizza Cheese 90.9 9.47 109 lb
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INTERIM REPORT

Minimizing the Watering Off of Unripened High
Moisture Lower Fat and No Fat Mozzarella Cheese

Personnel: Carol Chen, researcher, Mark E. Johnson,
senior scientist, Amy L. Dikkeboom, research
specialist, Kristen B. Houck, research specialist,
John J. Jaeggi, associate researcher, William A.
Tricomi, assistant researcher, CDR

Funding: Dairy Management Inc. CJH96

Dates: January 1996 – June 1997

Objectives

To evaluate the effect of different manufacturing
protocols on minimizing the watering off in high
moisture lower and no fat Mozzarella cheese.
Specifically, manipulations will focus on water-to-
protein interactions to maximize the water absorp-
tion capability of the cheese proteins.

Summary

A newly manufactured Mozzarella melts to a tough,
granular consistency, has low free oil and readily
losses water. About 2 weeks after manufacture, the
cheeses are more homogeneous with improved
water holding capacity. The very high moisture
levels of lower and no fat Mozzarella cheeses result
in a spongy-watery texture of the unripened cheese.
Thus, while the higher moisture contents improve
the body and meltability of lower and no fat
Mozzarella cheese, it magnifies the physical defect
of watering off. This can lead to problems because
these high moisture cheeses are often shredded and
frozen for use as an ingredient on pizza pies or
other prepared entrees within 1 to 4 days after
manufacturing. Upon melting, these cheeses exhibit
severe watering off.

Our cheese making experiments to date have
explored two aspects of protein-water interactions
and the effect on the water holding capacity of
lower and skim milk Mozzarella cheese. We’ve

added sodium chloride to the whey during cooking
and we have used higher than normal pasteuriza-
tion temperatures. We observed an increase in
cheese moisture of 1.0% (the addition of salt to the
whey) and 3.5% (higher than normal pasteuriza-
tion temperatures.)  However, this moisture is not
‘bound’ and can be expressed from the cheese
during the first 14 days post-manufacture. A
second observation is that, initially, more serum
can be expressed from lower fat Mozzarella cheeses,
but these cheeses are able to ‘absorb’ moisture more
quickly than the skim milk Mozzarella.

Significance to the dairy industry

Consumption of Mozzarella cheese has increased at
a constant rate of 8 to 12% for the past 12 years,
with approximately 70% of the Mozzarella manu-
factured produced for pizza pies. Unripened, high
moisture, lower, or no fat Mozzarella cheese which
separates during melting is physically unsuitable
for pizza pies. Providing solutions that improve the
functional properties of this economically impor-
tant cheese will help ensure use of this cheese as a
food ingredient.



Cheese Research

85

Table 1. Levels of expressible serum for experimental lower fat and skim milk Mozzarella
cheeses.

Lower Fat Mozzarella Skim milk Mozzarella
% Cheese Fat 9% 2%
Age of the cheese (days) 1 4 7 1 4 7

% Expressible Serum (wt serum/wt cheese)

Pasteurization 164ºF/16 s - 7.0 .6 -0- 4.5 3.8 1.4
no salt added
Pasteurization 164ºF/16 s - 11.8 2.8 -0- 4.9 3.9 3.4
salt added
Pasteurization 184ºF/16 s - 11.3 1.5 -0- 9.9 8.0 5.4
no salt added
Pasteurization 184ºF/16 s - 11.7 1.6 -0- 10.3 6.4 6.4
salt added
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FINAL REPORT

Lower-fat Swiss cheese: Development of a
Manufacturing Protocol and the Evaluation of  Flavor
Development

Personnel: Carol M. Chen, researcher, Mark E.
Johnson, senior scientist, Amy L. Dikkeboom,
research specialist, John J. Jaeggi, associate
researcher,William A. Tricomi, assistant researcher,
CDR

Funding: Dairy Management Inc. JC296

Dates: July 1995 – June 1996

Objectives

To develop a manufacturing protocol to produce
lower fat Swiss cheese (25% and 50% reduced-fat),
that mimics the body and eye development of full
fat Swiss cheese. Once we produce an acceptable
cheese, in terms of body and eye development,
another project will be conducted to study methods
of flavor enhancement in reduced-fat Swiss.

Summary

An acceptable 25% reduced-fat Swiss cheese was
made that was comparable to full-fat Swiss cheese
(Table 1). The manufacturing protocol employed a
mesophilic starter culture (in addition to typical
levels of propionic acid bacteria), low pH at coagu-
lant addition, firm milk coagulum at cutting, low
cooking temperatures, whey dilution, and minimal
stirout. The same manufacturing protocol was used
to make a 50% reduced-fat Swiss (Table 2). How-
ever, the cheese was too firm. We will be evaluating
all cheeses as they age, so it is possible that the
body of the 50% reduced-fat Swiss cheese will
improve.

One of the variables tested in this project was
adding salt (sodium chloride) to the whey during
cooking. Adding salt increased the final moisture
content of the cheese by about 1% (Tables 1 & 2).
These experimental trials yielded some interesting
results. We varied the level of salt addition from
0.5% to 1.5%, but the increase in cheese moisture

over the control (no salt added) remained relatively
constant. In addition, the salt addition with its
corresponding increased moisture did not appear
to have an effect on the body and texture of the
cheeses.

The eye development (number and size) in both
reduced-fat cheeses was comparable to full-fat
Swiss i.e. round, shiny, and smooth. As the percent-
age of cheese fat decreased, the length of time in
the warm room to develop eyes decreased from 33
to 25 to 20 days, respectively for full fat, 25% and
50% reduced-fat (Table 3). However, the data
generated from these experiments did not show a
linear relationship between the length of time in
the warm room and either pH or percentage of
lactic acid of the cheeses going into the warm room.

The flavor of the 25% reduced-fat Swiss also
mimicked that of the full-fat Swiss cheese while the
50% reduced-fat cheese lacked Swiss cheese flavor.

Significance to the dairy industry

Developing a cheese making protocol for the
manufacture of lower fat Swiss cheese will be
essential to assist the cheese industry in manufac-
turing a quality lower fat Swiss cheese. Over the
past several years, individual cheese manufacturers
have contacted researchers at the Center for Dairy
Research for expertise on lower fat Swiss cheese.
This project allows researchers to effectively
communicate and meet the needs of the cheese
industry. In addition, monitoring volatile acids and
free fatty acids in lower fat Swiss cheese will help us
understand why lower fat cheese often lacks the
flavor development of the full fat counterpart.
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Table 1.  Composition, texture profile analysis and 2 month sensory analysis of 25% Reduced-fat
Swiss cheese.

 Target      make schedule  make schedule make schedule
A B C

% Moisture 42-44% 43.66 44.85 45.44
% Fat 18-19% 18.2 19.8 18.4
% Salt 0.8 - 1.0% 1.32 1.34 0.79
% MNFS 52 - 54% 53.4 55.9 55.7
pH (going into warm room) 5.2-5.4 5.31 5.18 5.31
TPA Hardness 696 1,055 891 657
(80% Compression - Ns) (full fat)
TPA Cohesivenss 0.752 0.779 0.811 0.755

(full fat)
Swiss flavor intensity 3.5 2.3 3.9
Body 3.1 3.2 3.9
Body Breakdown 2.8 3.1 4.1
Body & texture preference 4.3 4.2 4.6

Make Schedules:
A: pH at renneting = 6.63, no salt added during cooking
B: pH at renneting = 6.63, 0.5 - 1.5% salt added during cooking
C: pH at renneting = 6.15, no salt added during cooking

Sensory Scores:
Swiss flavor intensity (0-7): 2 - very mild, 3- mild, mild to medium
Body (0-7): 2 - firm, 3 - slightly firm
Body breakdown (0-7): 2 - curdy, 3 - slightly curdy, 4 - slightly firm
Body and texture preference (0-7): 3 - dislike slightly, 4 - like slightly, 5 - like moderately
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Table 2.  Composition, texture profile analysis and 2 month sensory analysis of 50%
Reduced-fat Swiss cheese.

Target make schedule make schedule make schedule
A  B C

% Moisture 47-49% 45.83 46.75 47.11
% Fat 11-12% 12.8 13.6 12.8
% Salt 0.8 - 1.0% 1.32 1.36 0.75
% MNFS 53 - 55% 52.6 54.1 54.1
pH 5.2 - 5.4 5.42 5.34 5.55
(going into warm room)
TPA Hardness 696 1,400 1,793 985
(80% Compression-Ns)
(full fat)
TPA Cohesivenss 0.752 0.795 0.819 0.786
(full fat)
Swiss flavor intensity 3.1 2.7 3.4
Body 2.1 1.7 2.0
Body Breakdown 1.9 1.4 2.6
Body & texture preference 3.3 3.4 3.4

Make Schedules:
A: pH at renneting = 6.63, no salt added during cooking
B: pH at renneting = 6.63, 0.5 - 1.5% salt added during cooking
C: pH at renneting = 6.15, no salt added during cooking

Sensory Scores:
Swiss flavor intensity (0-7): 2 - very mild, 3- mild, 4 - mild to medium
Body (0-7): 2 - firm, 3 - slightly firm
Body breakdown (0-7): 2 - curdy, 3 - slightly curdy, 4 - slightly firm
Body and texture preference (0-7): 3 - dislike slightly, 4 - like slightly, 5 - like moderately

Table 3.  Length of Time in the warm room
.
 Type of Swiss cheese Length of time in pH going into

warm room (days)  warm room  % Lactic acid

Full Fat Swiss (n=10) 33        5.38        1.03%
25% Reduced-fat Swiss (n=13) 25        5.31        1.40%
50% Reduced-fat Swiss (n=13) 20                    5.46        1.25%
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APPLICATIONS PROGRAM REPORT

CDR Specialty Cheese Applications Program

An English Cheese Seminar was held on September
26-28 1996 in Madison. Primary instructors were
from Reaseheath College in Nantwich, England and
the Center for Dairy Research in Madison. Topics
covered included “Overviews of the English Dairy
Industry” and “English Cheeses.”  As a result of this
seminar over five Wisconsin Cheese manufacturers
were contacted by an English cheese company to
produce English type cheeses in Wisconsin.

On Feb. 27-28, 1996  the second Wisconsin Process
Cheese Course was held as part of the Wisconsin
Master Cheese Makers Curriculum. This course, the
only course of its type in the US, had a full enroll-
ment of over 40 people.

On May 14-15, 1996 the first Wisconsin Dairy Plant
Water & Waste Management Short course was held
at Babcock Hall in Madison.  It was a joint effort
between CDR and Agricultural Extension.

We are continuing our work on the computer
library of cheese names, descriptions and manufac-
turing procedures.  The computer program portion
of the database is complete, but we are still entering
descriptions and manufacturing procedures to
match these names.

The Wisconsin Master Cheese Maker program will
continue with plant visits and cheese sampling
during summer and fall of 1996.  The first class of
Wisconsin Master Cheese Makers should be
certified in the spring of 1997.  We are developing
more courses for the Wisconsin Master Cheese
Maker program.

Significance to the dairy industry

The specialty cheese program has helped to
promote the image of Wisconsin Specialty Cheese
Institute (WSCI), improve the educational process
for industry personnel (Master Cheese Maker), and
increase practical cheese making knowledge
(Cheese Artisan Seminar Series). The program has
also worked directly with cheese makers to develop
specialty types of cheese.

Personnel: James Path, outreach specialist, John
Jaeggi, assistant researcher, Center for Dairy
Research

Dates: July 1995 – June 1996

Funding: Wisconsin Milk Marketing Board
UWA9603

Objectives

1. Work on Wisconsin Master Cheese Maker
program and Seminar Series

2. Laboratory and field research consisting of
development of traditional and new specialty
cheeses

3. Transfer of CDR cheese research results to
industry

4.  Liaison between CDR, WMMB, and Wisconsin
cheese manufacturer’s by assisting in solving
technical problems with the manufacture of
specialty cheese.

Summary

Wisconsin Master Cheese Maker program

We have now completed the plant visits, oral
examinations, and cheese sample testing of 9 new
persons for the apprenticeship phase of the pro-
gram. The board received 15 new applications for
the 1996 summer test period and approved 10 for
testing.

A Swiss Cheese Seminar was held on April 23-25,
1996.  Instructors from the Bernishe
Molkereischule in Rutti-Zolilofen, Switzerland
taught at this seminar.  It is one of two German
Language schools in Switzerland which is able to
qualify Swiss Master Cheese Makers. The manufac-
ture of Swiss specialty cheeses and a discussion of
Swiss cheese defects was presented.
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INTERIM REPORT

Improved Quality of Shredded Cheese -
Antimycotics, Oxygen Scavengers and Modified
Atmosphere Packaging

Personnel:  Russell Bishop, associate professor,
Center for Dairy Research, University of Wisconsin;
Joseph E. Marcy, associate professor and Tina Moler
Grove, graduate student, Dept. of Food Science &
Technology, Virginia Polytechnic Institute & State
University.

Date: July 1995 – June 1997

Funding: Wisconsin Milk Marketing Board
UW9506

Objectives

The main objective is to determine the combined
effectiveness of antimycotics, oxygen scavengers
and modified atmosphere packaging in preventing
the growth of Penicillium roqueforti on shredded
Cheddar and Mozzarella cheeses. This research will
provide information concerning the ability of these
applications to extend the storage and shelf  life of
shredded cheese, which in turn should decrease
cheese losses due to mold growth.

In addition to the above objective, Virginia Tech will
examine the oxygen requirement for mold growth
on shredded cheese packaged under MAP condi-
tions.

Summary

Project objectives, as proposed by the cheese
industry team, were developed into a research plan
by the Center for Dairy Research, University of
Wisconsin and the Dept. of  Food Science, Virginia
Tech. The experimental design and testing scheme
was created by the Dept. of Food Science and
examined by the VT Statistics Dept. to insure
statistically valid results.

The following pilot plant equipment and supplies
have been acquired, assembled and tested by the
Dept. of Food Science, Virginia Tech.

A cheese tumbler was designed using  a 30 gal
cylindrical polypropylene tank with a cover. A six
inch hole was cut into the cover to allow for entry of
the spray apparatus. The tank resides horizontally
on rollers supported by steel rods. An electric motor
with a belt drive spins the rollers thus rotating the
tank at a rate of 6.5 rotations per min.

Natamycin was  applied to the cellulose and cheese
by spraying. A spray apparatus was constructed
from 1/8" stainless steel piping. In-line ball valves
were installed for easy operation. The spray nozzles
were obtained from Spraying Systems Co.
Charolette, N.C and stainless steel fogger tips were
provided by Gist-brocades, Menomonee Falls, WI.
Each nozzle had a 15 inch diameter spray pattern,
thus two nozzles sufficiently covered the length of
the 30" tank. The apparatus delivers a total of 6.25
mls/sec with the aid of a light volume transfer
pump and 80 psi of air.

A rapid package integrity tester was designed and
built from 1/2" Lexan™ (polycarbonate) to insure
the integrity of the package seal, thus allowing
leakers to be rejected from the study. A single 8 oz.
package of cheese is placed on the bottom of a 7 x
10 x 10 vacuum tight polycarbonate box. The
underside of the lid supports a depth gauge which
is mounted perpendicular to the lid surface.
Vacuum is applied causing the bag to expand. The
depth gauge caliper is pushed up by the bag and the
needle registers the expansion in the package. The
needle on the depth gauge should remain station-
ary,  indicating a good seal. However, if the gauge
shows that the package is losing volume, due to the
package deflating, then the package is regarded as a
leaker.

Natamycin was provided by Gist-Brocades,
Menomonee Falls, WI and Pfizer Inc. Milwaukee,
WI. The objective of this study is to determine the
effectiveness of natamycin on preventing mold. Ten
grams of Delvocid (Gist-brocades) and 10 grams of
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Natamax (Pfizer Inc.) were throughly mixed
together in order to eliminated any differences
between antimycotic supplier.  Both Delvocid and
Natamax contain 50% natamycin (pimaricin) and
50% lactose. The 1250 ppm natamycin solution was
made by placing 2.5 g natamycin in a 1 L graduated
cylinder and filling to volume with ddH2O. The 300
ppm solution was made by bringing 2.4 g
natamycin up to 4 L with ddH2O.

The Code of Federal Regulations (CFR) places a
restriction on the concentration of natamycin that
may be applied to cheese. Code
21CFR172.155(c)(1), referring to Natamycin
(pimaricin), states the additive may be applied by
dipping or spraying, using an aqueous solution
containing 200 to 300 parts per million of additive.
Due to this restriction, a 300 ppm natamycin
solution was applied to the cheese in this experi-
ment.

Code 21CFR133.146(a) states that moisture may be
removed from the cheese ingredients in the manu-
facture of the finished food, but no moisture is
added. The code also states that antimycotics and
anticaking agent are considered optional ingredi-
ents which renders the moisture limits of this code
non-applicable to their use.

Natamycin concentration on the cheese is being
determined using Gist-brocades modified version
of the International Dairy Federation’s protocol for
the Determination of Natamycin Content,  Method
of Spectrometry. 140:1987. The procedure was used
to confirm the concentration of the 300 and 1250
ppm stock solutions as well as the 4-6 ppm
natamycin concentration on the cheese.

Qual Flo™  (powdered cellulose) and Flow Am® 200
(powdered cellulose, dextrose and enzymes) were
supplied by Qualcepts, Minneapolis, MN. The
celluloses were preweighed in 1250 g amounts for
application to identical treatments groups in the
Cheddar and Mozzarella cheese experiments.
Cellulose was applied at 2% the product weight.

Two of the treatments required the natamycin
solution be sprayed onto the cellulose and allowed
to dry, before being applied to the cheese. Since the
CFR does not regulate the concentration of

natamycin that can be applied to cellulose, a 1250
ppm solution was used. This solution was applied
to the cellulose at a rate equivalent to the 300 ppm
solution being applied to the cheese. Applying
natamycin at this concentration decreased the
overall drying time. Natamycin treated cellulose
was covered with slotted foil and allowed to air dry
in a laminar flow hood for two days. Cellulose was
stirred periodically to facilitate drying.

Penicillium roqueforti was selected as the inoculum
for this study because of its resistance to many
treatments. Enumeration of the Midwest® blue
mold powder stock, supplied by Systems Bio-
Industries Inc., Waukesha, WI, resulted in a concen-
tration of 2.5 x 108 spores/g. To insure the best
possible distribution of P. roqueforti, the inoculum
was mixed into preweighed cellulose with the aid of
a planetary type pan mixer. The mixing bowl and
tool, both of stainless steel construction, were
sanitized with a 200 ppm chlorine solution. Al-
though this type of mixer visits all parts of the
stationary pan; mixing was stopped every five
minutes to scrape the edges of the bowl into the
center. Total mixing period was twenty minutes.
The initial “spore stock” was diluted by placing 2 g
2.5  x 108 spores/g into 998 g of Qual-Flo™ and
mixing as described above. The final concentration
of the “P. roqueforti stock cellulose” was 50 x 104

spores/g cellulose.  Penicillium roqueforti stock
cellulose (3.1g) was used to inoculate 1250 g of
preweighed cellulose to obtain a concentration of
1240 spores/g cellulose. Enumeration of inoculated
cellulose indicated a concentration of 3000
spores/g.

The Cheddar and Mozzarella cheeses, provided by
Alto Dairy, were processed in 9080 g (20 lb) and
4540 g (10 lb) lots, respectively. Cellulose containing
1240-3000 spores/g, prepackaged in 182 g and 91 g
lots, was applied to 9080 g and 4540 g cheese,
respectively. The final inoculum level was 10-100
spores/g cheese.

Cheeses were packaged in BDF Bags provide by
Cryovac, Duncan, SC. The bags were made from a
multi-layered, coextruded polyolefin formulation
with an oxygen transmission rate of 4.0 cc/m2/24
hrs. A gas mixer was used to deliver the proper ratio
of nitrogen:carbon dioxide (75:25). Samples of this
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mixture were analyzed on a gas partitioner
throughout the process to insure the gas would
properly modify the package atmosphere.

It is difficult to completely evacuate all the air from
inside the bag resulting in low levels of residual
oxygen in the package headspace. Headspace gas
analysis was performed on 2 packages per treat-
ment immediately after packaging to determine
initial headspace gas composition. Gas drawn from
an individual package was analyzed using a gas
partitioner. Changes in gas composition will be
monitored throughout the storage period
(0,60,120,180 d) on 2  packages treatment.

Enumeration of yeast and mold will be performed
by placing an 11g sample of cheese and a 99 ml
phosphate/magnesium chloride dilution blank
(Marshal, 1992) into a Seward 400 Stomacher bag
(Scientific Products S8254-1), stomaching for 2
min,  plating 1 ml of the dilution onto a 3 M Yeast &
Mold Petrifilm  (Beuchat, 1991), incubating at 25º C
and counting at both 3 and 5 days.

A spreadsheet format has been established to
handle raw data. The data will be entered as the
study progresses and analyzed for significance
using SAS®, SAS Institute Inc., Cary, NC., with the
aid of the Statistics Dept. at Virginia Tech.

The In and Out method, as described in Sensory
Evaluation in Quality Control (Munoz,1992) is
being used to determine if the cheese is in or out of
“specs” for a saleable product. The panel consist of
4 to 5 people with experience with dairy foods. The
panel evaluates 16 samples per session including a
freshly shredded sample of both cheddar and
Mozzarella cheeses, which serves as a standard.
Each product is discussed to determine if it is “in”
or “out” of specifications.  There are no defined
specifications or guidelines and there is no training
or product orientation. As a result, each panelist
makes a decision based solely on their individual
experience and familiarity with the product. A
visual score is also recorded according to the
following guidelines: 0 = no visible growth, 1 = 1-3
spots, 2 = slight surface growth, 3 = medium
surface growth, and  4 = pronounced surface
growth.

Yeast and mold air samples were taken in the
processing facility and the cooler to determine air
quality at the time of packaging and initial storage.
Counts in the processing lab averaged 146 CFU/m3 ,
while the 50ºF cooler had no visible growth.

Processing equipment and cheese contact surfaces
were sanitized prior to use with 200 ppm XY-12
liquid sanitizer provided by Klenzade, Division of
EcoLab Inc., St. Paul, Minnesota.

Eleven hundred twenty pounds (560 lbs each) of 10
day old Mozzarella and 30 day old Cheddar cheese
was provided by Alto Dairy, Waupun, WI. The
cheeses were processed with the aid of the  under-
graduates, graduates, faculty and staff of the
Virginia Tech’s Food Science Dept.

Significance to dairy industry

Currently, the cheese industry absorbs the financial
loss when mold growth on shredded cheese renders
the product unsaleable. Consumers may be con-
fronted with mold within days of opening the pre-
shredded cheese. Limited research is available on
the effectiveness of antimycotics and oxygen
scavengers in preventing mold growth on shredded
cheeses. The purpose of this study is to increase the
storage and shelf- life of shredded Mozzarella and
Cheddar cheese by preventing mold growth.
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INTERIM REPORT

1996 Wisconsin Cheese Plant Management Survey

Personnel: Brian W. Gould, senior scientist, Kurt A.
Carlson, visiting scientist, Center for Dairy Re-
search and Department of Agricultural and Applied
Economics

Dates: February 1996 – October 1996

Funding: Wisconsin Milk Marketing Board
UWA9605

Objectives

The primary objective of this study is to profile the
organization, management, and marketing charac-
teristics of  a representative sub-sample of small/
medium sized cheese manufacturers.  This infor-
mation will be obtained by an in-plant survey of
60-70 Wisconsin plant managers.  There are three
general sections to the survey: market and market-
ing characteristics, firm structure and organization,
and management goals and objectives.  The
following questions will be addressed in this
research:
1. What competitive strategies do cheese manufac-
turers adopt?  Why?

2. How do these strategies impact company perfor-
mance?

3. Is there consistency in the strategies chosen with
respect to production, sales and marketing channel
relationships?

Summary

We have completed the development of the survey
instrument.  Potential survey participants have
been identified.  By July 1, forty plant managers had
agreed to participate in the survey.  Another 30
managers will be contacted.  By mid-July, in plant
visits will be started.  It is anticipated that by the
end of August, the collection of surveys will be
completed.  A first draft of a report to WMMB will
be generated by the middle of September and final
report generated by October 15.

Significance to the dairy industry

This study is timely and relevant for Wisconsin’s
cheese manufacturers.  Currently, WMMB is faced
with making decisions about how to package the
services it offers.  Ideally, WMMB would offer a
unique package of services to enhance the eco-
nomic position of each of Wisconsin’s cheese plants.
However, due to resource constraints, this is not
possible.  As an alternative, WMMB would like to
offer packages of services to plants with similar
needs.  In order to do so, WMMB will require
detailed information about Wisconsin cheese plants
business strategies.

While the 1995 Wisconsin Small Cheese Plant
Survey identified the existence of different produc-
tion strategies among Wisconsin’s small cheese
plants, it did not collect information on organiza-
tional structure, management goals and objectives,
marketing activities and distribution/sales systems.
Thus, WMMB needs information to segment
Wisconsin’s cheese manufacturers based upon
needs.  Successful completion of this project will
provide WMMB with the information it requires to
target the services it offers to meet the needs of
Wisconsin’s cheese plants.
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INTERIM REPORT

John Norback, professor, Candelaria Barcenas,
research assistant, Dept. of  Food Science,R. L.
Bishop, professor, Center for Dairy Research

Funding: Wisconsin Milk Marketing Board UW
A9506

Dates: February 1996 – June 1996

Objectives

To build a software which uses the flow of materials
diagram to enable convenient  and friendly access
to technical information about Cheddar cheese. It
will also provide the user with computational
information about intermediate and finished
product costs, and the coefficients constraints for
optimization models. The system will allow users to
identify and justify cheese research needs when no
information exist about connecting a problem
observed or a desired quality with the manufactur-
ing process.

The first part of this project has been focused to
define the type of information the software will
offer, and the development of organizing the
information and when it will be displayed to meet
user needs.

Summary

The initial work of this project has been to define
information delivery to the user. The users from
industry will obtain all types of information
available to improve quality of the finished product.
Research Centers will obtain possible research
subjects to provide the industry with missing
technical information to satisfy consumers of
Cheddar cheese.

Sensory methods are used to evaluate quality of
finished product. The software will provide the
information connecting each quality and function-
ality parameter (melt, shred, bitterness, firmness)

of Cheddar cheese with the operations during the
cheese making process. In other words, by clicking
on the final product, a window with a menu of the
quality parameters will appear. The user will click
on the desired parameters and the operations
where product may be modify or affected will be
highlighted in a different color. The user will click
on the operation and a  window will open with
choices such as references (articles or book),
process control parameters and decisions. By
choosing one of these options information will be
displayed, and printed if desired.

In the case that users need information about an
intermediate product, they only have to click on
that point of the manufacturing process and a
menu will be displayed. The first two options
displayed at this point are controls (references with
expected value of  parameters to be controlled at
that point such as pH, moisture, etc.), and problems
(references about possible problems observed at
this point in the process with causes and alternative
solutions).

Another area included in this initial stage of
building the software covers raw materials. A click
on an ingredient will offer information such as
composition (suggested for the specific type of
cheese), microbiological conditions (desired
microbial counts), and tests (type and desired
result). All this information will be gathered to
inform the user about the quality of the raw
material that will allow him to obtain a “quality
cheese” when processed under the optimal condi-
tions.

The options menu may vary through the develop-
ment of the software.

Next Steps

The coding of the software and building the system
will start on July 1996. Simultaneously more
information will be gathered and organized and

Developing a Graphical Paradigm for Organizing and
Delivering Technical Information about Cheese
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then incorporated into the software. At the end of
Fall semester 1996 there will be a test prototype
software to be used by researchers and industries to
obtain feedback about the utility and ease of use of
the software,  and what else (type of information,
menu items, organization, etc.) should be consid-
ered to improve the final outcome of this system.

The literature review does not offer enough infor-
mation about the connection between some of the
quality parameters and the manufacturing process.
In this cases, expert information is essential.

Significance to the dairy industry

Communicating research results to people who
might use it has long been problematic.  Numbers,
charts and graphs developed in the laboratory are
always more valuable when linked to some back-
ground information. Our approach – the flow of
materials diagram – provides some context to
research information. Cheese manufacturers can
see how the research applies to practical problems
and why the research is important.
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Chapter 4

Summary

Safety and Quality
Recently, the reported health benefits of conjugated linoleic acids (CLA) have received much
publicity. CLA may play a role in cancer prevention, and Pariza, et al. have discovered that CLA
reduces atherosclerosis in rabbits. Researchers hope this effect will carry over to humans.

Obtaining safe good quality milk is an important starting point for all dairy plants. To achieve
this goal, farm milking equipment must be cleaned effectively. Reinemann et al. have investi-
gated the dynamics of air injected, clean-in-place (CIP) systems used on farm milking
equipment. (These cleaning systems are quite different from the “flooded” CIP systems
typically used in dairy plants) This analysis was important because cleaning procedures for
air-injected CIP systems were developed primarily by trial and error. Several milking machine
companies have already implemented the recommendations for improved CIP procedures
developed from this research. As demonstrated in the Bishop et al. project, good manufactur-
ing practices (GMPs) and a HACCP (hazard analysis critical control point) program can play
an important part in reducing dairy plant microflora, which then produces a safer product.

Luchansky, et al. demonstrated that biopreservatives can appreciably reduce the numbers of L.
monocytogenes in Hispanic style cheeses. This may be an important hurdle for potentially
high risk cheeses.Although many cheese makers might view reduced fat cheeses as a better
environment for pathogen growth, Luchansky and Johnson report data that show just the
opposite. They compared the survival of several pathogens in a reduced fat Cheddar made
with a carbohydrate based fat substitute to standard Cheddar cheese and found the reduced
fat product less hospitable to the organisms tested.

Technology Transfer

Producing Safe Dairy Foods, August 1995
CDR Open House, March 1996
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FINAL REPORT

Biological Significance of Conjugated Dienoic
Derivatives of Linoleic Acid

Personnel: M.W. Pariza, professor, Wei Liu, research
specialist, Jayne Storkson, senior research special-
ist, Karen Albright, senior research specialist, Kisun
Lee, graduate student, Xiaoyun Yang, graduate
student, Food Research Institute

Dates: June 1990 – November 1995

Funding: Wisconsin Milk Marketing Board 8927

Objectives

1. Determine the function of CLA in protecting cell
membranes from oxidation

2. Determine the effects of CLA in regulating/
modulating various key membrane enzymes and
enzyme systems

3. Determine practical ways to synthesize CLA for
commercial application

Summary

1. Determine practical ways to synthesize CLA for
commercial application

Generated a data base on CLA content of over 100
foods, to provide a “starting point” for possible
supplementation of foods and feeds with CLA

Isolated and characterized a Lactobacillus from rat
colon that produces CLA from linoleic acid

In collaborative study with the U.W. Dairy Forage
Research Laboratory, discovered ways of feeding
cows to substantially increase CLA content of milk.

2. Determine the effects of CLA in regulating/
modulating various key cell membrane enzymes
and enzyme systems

Discovered that CLA reduces atherosclerosis in
rabbits by influencing lipid metabolism and

apparently also the expression of key cell mem-
brane proteins;

Obtained evidence that CLA affects in positive ways
protein kinase C activity and arachidonic acid
metabolism

3. Determine the function of CLA as an antioxidant

Obtained evidence that CLA effectively chelates
iron, which possibly explains this activity

4. Investigate the inhibition of food spoilage
microorganisms by CLA

Found that the effectiveness of CLA in a food
product is inversely proportional to lipid content.

Discussion

We began this project by generating a data base on
CLA levels in over 100 foods. We established that
dairy products and meat from ruminant animals
are the primary dietary sources of CLA for both
children and adults. The findings are presented in
the report of Chin et al., 1992. This research was
important in that it demonstrated the importance
of dairy products as dietary sources of CLA, and
also to provide a basis for supplementing foods and
feeds with appropriate levels of CLA.

When this project began the only known “natural”
means of producing CLA in the laboratory was to
use a crude enzyme preparation isolated from a
strict anaerobic rumen bacterium, Butyrivibrio
fibrosolvens. However, we observed CLA accumu-
lated in the tissues of rats fed high levels of free
linoleic acid, indicating that microorganisms in the
rat colon might contain the necessary isomerase to
convert linoleic acid to CLA. The findings were
published in the report by Chin et al., 1994.
Xiaoyun Yang, a graduate student, then isolated a
lactobacillus from rat colon that has this property,
and is characterizing the organism for possible
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commercial use. This organism is the central focus
of her Ph.D. research which should be completed
later this year. Our discovery may directly benefit
dairy farmers through commercial production of
CLA for cattle and calf feeds, and for direct addition
to dairy products to increase value.

In an ongoing collaborative project with the UW’s
Dairy Forage Research Laboratory, we discovered
ways of feeding cows to substantially increase CLA
levels. Specifically, the amount of grass in a cow’s
diet appears to be directly correlated with the
amount of CLA in her milk. This work will soon be
published. Using these new findings it is possible to
increase the CLA level in dairy products at least 6-
fold, a finding of obvious importance to dairy
farmers.

We conducted a study in rabbits fed an atherogenic
diet with or without CLA, and discovered that CLA
significantly reduced serum LDL cholesterol and
triglyceride levels, and the symptoms of atheroscle-
rosis (Lee at al., 1994). This work has been repro-
duced by others using hamsters. We also have
obtained strong indications that CLA modifies cell
membrane proteins involved in the initiation and
progression of atherosclerosis. We found that CLA
affects the regulation of protein kinase C and
arachidonic acid metabolism in positive ways,
biochemical activities that are related to cancer
development. These results show that CLA actually
protects against heart disease; the finding of such a
substance in dairy products is indeed a new
concept that should be of considerable interest to
Wisconsin dairy farmers. The data also provide a
biochemical basis for the inhibition of both heart
disease and cancer by CLA.

There is commercial interest in using CLA as a food
preservative, both as an antioxidant and as a mold
inhibitor. During the course of this project we
studied both of these areas. We obtained evidence
that CLA chelates iron, which may specifically relate
to the antioxidant activity that we and others have
reported to occur under some circumstances. This
work is being prepared for publication. In addition
we studied the ability of CLA to inhibit the growth
of spoilage microorganisms, especially molds and
certain lactobacilli. We established that the effect is

inversely proportional to fat content, i.e., CLA is
more effective as fat is decreased. These data may
expedite FDA approval of CLA in that they provide
a functional (as opposed to health-enhancing)
basis for adding CLA to foods and feeds.

Significance to the dairy industry

Dairy products are a principal dietary source of
CLA. Hence, work aimed at possible health benefits
of CLA is expected to enhance that already fine
image of dairy products as important for sound
health. The fact that CLA is a component of dairy
fat is particularly intriguing in this regard. Addi-
tionally, CLA is potentially of great importance as a
natural antioxidant and mold inhibitor for use in
food systems.

Publications

Chin, S. F., Liu, W., Storkson, J. M., Ha, Y. L., and
Pariza, M. W. Dietary sources of conjugated dienoic
isomers of linoleic acid, a newly recognized class of
anticarcinogens. J. Food of Composition and
Analysis 5: 185-197, 1992.

Pariza, M. W. Diet and cancer:  where do matters
stand?  Commissioned by the Council on Scientific
Affairs, American Medical Association, Chicago, IL.
Arch. Intern. Med. 153:50-56, 1993.

Chin, S. F., Storkson, J. M., Liu, W., Albright, K. J., and
Pariza, M. W. Conjugated linoleic acid (9,11- and
10,12-octadecadienoic acid) is produced in conven-
tional but not germ-free rats fed linoleic acid. J.
Nutrition. 124: 694-701, 1994.

Lee, K. N., Kritchevsky, D., and Pariza, M. W.
Conjugated linoleic acid and atherosclerosis in
rabbits. Atherosclerosis 108:19-25, 1994.

Abstracts

Chin, S. F., Liu, W., Albright, K., and Pariza, M. W.
Tissue levels of cis-9, trans-11 conjugated dienoic
isomer of linoleic acid (CLA) in rats fed linoleic
acid (LA). FASEB J. 6, abstract #2665 (1992).
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Benjamin, H., Storkson, J. M., Liu, W., and Pariza, M.
W. The effect of conjugated dienoic derivatives of
linoleic acid (CLA) on mouse forestomach protein
kinase C (PKC)-like activity. FASEB J. 6, abstract
#2666 (1992).

Bonorden, W., Storkson, J., Liu, W., Albright, K., and
Pariza, M. Fatty acid inhibition of 12-0-
tetradecanoylphorbol 13-acetate (TPA)-induced
phospholipase C activity. FASEB J. 7 (4), abstract
#3580 (1993).
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FINAL REPORT

Cleanability Assessment of Milking Equipment

Personnel: Douglas J. Reinemann, associate profes-
sor, Department of Biological Systems Engineering,
associate professor, Amy C. Lee Wong, Food Re-
search Institute, Anton Muljadi, graduate research
assistant, John Patoch, research specialist

Dates: June 1993 – June 1996

Funding: Dairy Management Inc. RNM 94UW,
Babson Brothers Company

Objectives

1. Characterize the interaction of mechanical,
chemical and thermal processes on air injected
Clean-In-Place (CIP) of milking systems.

2. Use information from (1) to develop design
criteria and recommendations
for installation and operation of CIP systems to
assure effective cleaning of milking systems.

Summary

Ineffective cleaning and sanitizing procedures of
milking systems may cause milk-soil and microbial
deposition which eventually will decrease milk
quality. The dynamics of air injected CIP systems
are not well understood. Many different materials
and several distinctly different flow regimes are
encountered in milking, (CIP) systems. Materials
include:  stainless steel, synthetic rubber hoses and
gaskets, and various types of
plastic used in hoses and milking system compo-
nents. Cleaning flow dynamics and the resulting
mechanical cleaning action vary considerably
depending on the location in the system and the
way in which the milking CIP system is installed
and operated. Developments of CIP systems for
milking machines have been by trial and error
basis. The need for research to develop rational
design criteria is recognized by the industry.

We have performed extensive studies of the flow
dynamics of milking CIP systems on full scale

systems at the University of Wisconsin Milking
Research and Instruction Laboratory (UW-MRIL)
and in the field.  We also developed and tested
several methods of assessing mechanical cleaning
action at the UW-MRIL. These studies were carried
out in collaboration with Dr. Albrecht Grasshoff of
the Federal Center for Dairy Research in
Kiel,Germany. The roles of mechanical, thermal
and chemical factors were characterized. In addi-
tion, the effectiveness of the ATP bioluminescence
assay as a rapid detection method in assessing the
sanitary conditions of milking systems was also
studied.

Methods have been developed to apply a standard-
ized milk soil and bacterial residue to test chips and
assess the effectiveness of various cleaning regimes
on their removal. Four types of milk-soil were used
to test the effectiveness of various permutations
involving different chemical agents, shear forces
and cleaning solution temperatures. The interac-
tion of bacteria and milk-soil can enhance the
attachment to surfaces. It was demonstrated that
each CIP cycle has a certain degree of effectiveness
in either reducing the amount of milk-soil or
inactivating bacterial cells. More effective cleaning
was achieved by applying a high shear level (114 N/
m2) and a high temperature (60ºC).

The ability to identify and compare the efficacies
among the cleaning regimes indicates that the
study method is reliable to evaluate the perfor-
mance of the CIP systems. The overall results of
ATP bioluminescence and plate count methods
gave good correlation (r=0.904). However, some
limitations of the ATP assay were encountered in
this study.

The results of these studies have already been
implemented by several milking machine compa-
nies. Recommendations for CIP system design and
control developed as part of this project have been
incorporated into company recommendations and
training programs. The UW milking lab has also
offered a series of courses to train technical and
non-technical audiences in the application of these
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methods and recommendations. Several companies
have also requested that new cleaning products be
evaluated using the methods developed in this
project. The methods developed to evaluate clean-
ing chemicals under worst-case field conditions
have not been available previously. As a result of
these activities, numerous, longstanding cleaning
and sanitation problems in the field have been
resolved. Considerable energy cost savings for dairy
operators have also been achieved.

Significance to the dairy industry

The dynamics of air injected CIP systems are not
well understood. Most developments have occurred
as a result of trial and error, although industry
recognizes the need for research to develop a
rational design criteria. Improved methods of
cleaning and sanitizing milking equipment will
lead to safer and better milk quality, maintaining
consumer confidence in dairy products.

Publications

Muljadi, A., D.J. Reinemann, and A.C.L. Wong, 1996.
Air injected Clean-In-Place for Milking systems:
Development of a Study Method and Characteriza-
tion of Chemical, Mechanical and Thermal Factors.
ASAE paper No. 963019. Written for Presentation at
the 1996 International  Meeting Sponsored by the
American Society of Agricultural Engineers, July
14-18, 1996, Phoenix, AZ USA

Reinemann, D.J., 1996, Testing Cleaning Perfor-
mance of Milking systems with
a Vacuum Recorder. University of Wisconsin -
Extension, Bulletin number A3649

Reinemann, D.J., 1995. System Design and Perfor-
mance Testing for Cleaning
Milking Systems. Proc. Designing a Modern
Milking Center, Northeast Regional Agricultural
Engineering Service National Conference, Roches-
ter New York, Nov 29 - Dec. 1, 1995.

Reinemann, D.J., and A. Grasshoff, 1994. Two phase
cleaning flow dynamics
in air injected milklines. Transactions of the ASAE,
Vol. 37, No. 5, pp 1531-1536.

Reinemann, D. J., A.C.L. Wong and E. Rabotski,
1993. Interaction of chemical, thermal and physical
actions on the removal of bacteria from milk
contact surfaces. ASAE paper No. 933536, Presented
at the 1993 Winter meeting of the American Society
of Agricultural Engineers, Chicago, Illinois, USA.

Grasshoff, A. and D.J. Reinemann, 1993. Zur
Reinigung von Milchsammeleitungen mit Hilfe
einer 2-Phasen Stroemung. Kieler
Mischwirtshaftliche Forschungsberichte, 45, 205-
234 (1993).

Reinemann, D.J., and A. Grasshoff, 1993. Milkline
cleaning dynamics:
design guidelines and troubleshooting. Dairy, Food
and Environmental Sanitation, Vol 13, No 8. p 462-
467.
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INTERIM REPORT

Verification of Dairy Product Safety System
(HACCP) Incorporated into Cheese Manufacturing

Personnel: J. Russell Bishop, assoc. professor, CDR,
Mark Johnson, senior scientist, CDR
Eric Johnson, assoc. professor, FRI, Steve Ingham,
assist. professor, Dept. of Food Science, Marianne
Smukowski, research specialist, CDR, Ann Larson,
research specialist, FRI

Dates:  July 1994 – December 1996

Funding:  Wisconsin Milk Marketing Board
UWA9408

Objectives

1.  Develop a verification/sampling procedure for
use in HACCP implementation

2.  Deliver verification/sampling procedure to
Wisconsin’s dairy industry by:
              (a)  general information shared during a

seminar setting
              (b)  on-site establishment of procedure

3.  Assist other Wisconsin cheese manufacturers in
HACCP implementation

Summary

The International Dairy Foods Association (IDFA)
has provided leadership to the dairy industry by
emphasizing the importance of safe dairy products.
IDFA ‘s food safety system, based on HACCP, is a
management tool that stresses prevention by
identifying and controlling potential hazards. We
are applying IDFA’s system in cheese manufactur-
ing.

Three cheese plants, varying in size and manufac-
tured products, were sampled quarterly for micro-
biological analyses. Preliminary data shows a
steady decline in microbial counts after implement-
ing and utilizing GMP’s and a HACCP program.
Despite the overall decline in counts, we have noted

a diurnal increase in microorganism counts,
depending on milk source and product manufac-
tured. We will continue to investigate those areas in
the make procedures.

We are unable to test for pathogens in the finished
product due to Wisconsin Ag 80.56 regulations.
This rule requires dairy facilities to report results of
microbiological tests conducted on pasteurized, or
ready-to-eat dairy products, that confirm the
presence of pathogenic organisms in the product.
We are continuing to work with the WI Dept. of
Agriculture to waive this reporting of pathogenic
organisms for research purposes.

Significance to dairy industry

HACCP systems, as part of a total safety system,
represent a method for assuring the production of
safe dairy foods. There is a great need to verify
whether an implemented HACCP system is effec-
tive, especially from a microbiological standpoint.
This study will establish a microbiological sam-
pling regime that cheese manufacturers can use to
verify the effectiveness of their HACCP programs.
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FINAL REPORT

Survival and Physiology of Listeria monocytogenes
in Commercial Brines

Personnel: John H. Nelson, Emeritus research
program manager, Eric A. Johnson, associate
professor, Ann E. Larson, research specialist

Dates: July 1993 – August 1994

Funding: Wisconsin Milk Marketing Board 9310

Objectives

1. Determine the behavior of L. monocytogenes in
concentrated NaCl solutions and commercial
brines.

2. Determine nutritional and environmental factors
that affect survival of L. monocytogenes in concen-
trated NaCl solutions and commercial brines.

3. Determine the effect of the replacement of
sodium with other cations in salt solutions on the
survival of L. monocytogenes.

4. Evaluate antimicrobial substances for inactiva-
tion of L. monocytogenes in salt brine systems.

5. Determine the effect of filtration of commercial
brines on the survival of L. monocytogenes.

6. Provide practical guidelines to the cheese
industry for treatment of brines.

Summary

Thirty eight commercial brine samples were
obtained from fourteen cheese plants in Wisconsin
and northern Illinois. These brines represent a
variety of cheese and brining systems. Each brine
was analyzed for levels of total nitrogen, various
minerals, hypochlorite, and percent NaCl. Standard
plate counts, psychrotrophic plate counts, yeast and
mold plate counts, and pH were also determined. L.
monocytogenes  was then added to the commercial
brines, and to laboratory prepared NaCl solutions,
under a variety of conditions. Survival was deter-
mined over time by plating on selective media.

L. monocytogenes  survived in certain brines.
Survival of L. monocytogenes was not strongly
correlated with total nitrogen content, mineral
content, level of filtration before inoculation, pH,
bacterial counts, or yeast and mold counts of the
commercial brines. L. monocytogenes  survived
slightly longer in laboratory prepared brines made
with KCl than those containing NaCl. Lower
temperatures promoted L. monocytogenes survival.
The presence of sodium hypochlorite at low levels
in brines resulted in rapid inactivation of L.
monocytogenes. Other antimicrobials, including
hydrogen peroxide, sodium benzoate, potassium
sorbate, acetic acid, and lactic acid, had a negative
impact on the survival of L. monocytogenes.

Significance to the dairy industry

The overall goal of this project was to quantitate the
behavior of L. monocytogenes in brining systems
including commercial brines and to elucidate the
nutritional and environmental factors determining
survival. A major goal of this study was to provide
practical guidelines for the cheese industry for
rotation, cleaning, maintenance and treatment of
brines. The recommendations will be formulated
after further review and discussions by the Food
Safety Task Force of WMMB and through other
communications with the cheese industry. The
research should help avoid contamination of brined
cheeses by L. monocytogenes.

Publications/Presentations

Presentation to the Dairy Safety Task Force, Wis-
consin Milk Marketing Board, July 6, 1994.

Larson, A., E. A. Johnson, and J. H. Nelson. Behavior
of Listeria monocytogenes in commercial cheese
brines. In preparation.

Larson, A., E. A. Johnson, and J. H. Nelson. Factors
affecting survival of Listeria monocytogenes in
laboratory brines. In preparation.
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FINAL REPORT

Microbiological Safety and Quality of  Reduced Fat
Cheddar Cheese

Personnel: Eric A. Johnson, professor, John B.
Luchansky, professor, Alvaro Quinones, research
specialist, Al Degnan, research specialist, Greg
Kulman, student, Food Research Institute

Dates:  July1993 – December 1995

Funding: Dairy Management Inc. JNLC94

Objectives

1. Determine viability of Listeria monocytogenes
and Salmonella  and toxin formation by Clostridium
botulinum in reduced fat Cheddar cheese. Compare
the behavior of these pathogens in reduced fat
Cheddar to conventional full fat Cheddar.

2. Evaluate the efficacy of natural preservatives
including bacteriocins (e.g., pediocins, sakacins,
enterocins, nisin), monoglyerides, antimicrobial
peptides from lactoferrin or conalbumin, and
lysozyme for control of Listeria monocytogenes,
Salmonella spp., Clostridium botulinum, and
spoilage bacteria in reduced fat cheese.

Summary

The production of reduced fat cheeses holds
considerable promise for the Wisconsin cheese
industry and, thus, considerable research has been
supported for this category of cheese. Research has
been directed at producing products with satisfac-
tory taste and texture and manufacturing proce-
dures for reduced fat cheeses have been established.
Reduced fat cheeses are higher in moisture and
usually lower in salt content and acidity than full fat
cheeses. The moisture increase is due in part to
curd pH at drain and mill, curd washing or whey
dilution, and the binding of water by fat substitutes.
Reducing the fat content of cheese also affects
physical properties including firmness, elasticity,
and adhesiveness. As a result certain physical and
chemical properties of reduced fat cheese are
unique in comparison to their full fat counterparts.

Due to the higher moisture and unique physical
properties, concerns have been raised regarding the
microbiological safety of reduced fat cheeses. The
overall goal of this project was to evaluate the
microbiological safety and quality of reduced fat
Cheddar cheese.

Organisms and growth conditions

We used four strains of L. monocytogenes (Scott A,
V7, Ohio, and California), four serovars of Salmo-
nella (S. typhimurium, S. heidelberg, S. javiana, and
S. dublin), and six strains of C. botulinum (56A,
62A, 69A, Okra B, 113B, 17B). Listeria
monocytogenes was enumerated on MOX agar
according to the FDA procedure (Lovett and
Hutchins, 1991). Salmonella was enumerated on
Hektoen agar. Botulinal toxin was determined by
mouse assay as previously described (Malizio and
Johnson, 1991).

Preparation of cheese

 Reduced fat cheese was prepared using 45.4 kg
(100 lb) low fat (1.3% butterfat) milk with a
carbohydrate-based fat substitute (4% w/w Stellar,
from A.E. Staley Mfg. Co., Decatur, IL). Milk was
pasteurized, tempered to 31°C, and inoculated with
strains of each pathogen. After 5 min, antimicrobi-
als were separately added to the milk, and inocu-
lated with 0.015% (vol/vol) DVS (Direct Vat Set)
starter culture (Chr. Hansen’s Laboratory, Inc.
Milwaukee, WI). Milk was incubated for 15 min,
and 0.01% chymosin (Chymax-Double strength,
Pfizer, Milwaukee, WI) was added to the milk. A
standard Cheddar cheese-making schedule was
carried out. Control vats were inoculated with
pathogens, but antimicrobials were not added. For
wash treatments, most of the whey was withdrawn,
and the vat was filled with water at 38°C for 10 min
with gentle stirring. After pressing for 16 hr, 100 g
portions were vacuum packaged, stored at either 12
or 4°C, and sampled for botulinal toxin, Listeria
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monocytogenes and Salmonella sp. at 0, 1, 7, 14, 21,
30, 60, 90, and 180 d.

Results and Conclusions

Growth and survival of Listeria monocytogenes, and
Salmonella and toxin production by Clostridium
botulinum was determined in reduced fat and full
fat cheeses prepared with or without antimicrobials.
In the absence of antimicrobials, counts of Salmo-
nella (1-2 log10 cfu/g) and Listeria monocytogenes
(2-3 log10 cfu/g) were lower in low-fat compared to
full-fat cheese at both 4° and 12°C. Botulinal toxin
formation was delayed in reduced fat Cheddar at 4º
and 12°C compared to the full fat counterpart.

Antimicrobials affected the survival of pathogens
and botulinal toxin production in reduced fat and
full fat cheese at 4° and 12°C. Nisin, enterocin, and
monolaurin had the strongest impact on pathogen
survival and toxin production. In samples treated
with nisin, there was an initial large drop in viabil-
ity of L. monocytogenes, and the drop was greatest
in full fat cheese. In full fat but not in reduced fat
cheeses, counts of L. monocytogenes eventually
increased in number. Nisin did not significantly
negate Salmonella survival in full-fat or reduced fat
cheese. Enterocin promoted inactivation of L.
monocytogenes  and Salmonella in reduced fat but
not in full-fat cheese. Monolaurin also promoted
inactivation of Salmonella and L. monocytogenes in
reduced fat and full-fat cheeses. Monolaurin also
significantly delayed production of botulinal toxin
in reduced fat cheese and to a lesser extent in full-
fat cheese. None of the other antimicrobials tested
significantly delayed production of botulinal toxin.

In conclusion, reduced fat cheese was less permis-
sive to pathogen survival and toxin production. The
antimicrobials showed the same general pattern in
washed-curd cheeses. The results of this study show
that reduced fat cheeses are less permissive to
survival of Salmonella and L. monocytogenes, and
delayed toxin production by C. botulinum. The
mechanisms of pathogen inhibition are not clear at
this time, but are currently being investigated.

The detailed results including graphs of survival of
Salmonella sp., Listeria monocytogenes and toxin

production by C. botulinum are currently being
prepared for publication.

Significance to the dairy industry

The results of this study show that reduced fat
Cheddar is less permissive to survival of Salmonella
and L. monocytogenes, and delays toxin production
by C. botulinum. These results support the conclu-
sion that reduced fat Cheddar holds potential as a
safe dairy product. The results of this project
should be valuable in preventing foodborne
outbreaks in reduced fat Cheddar cheese and
should also be helpful in extending the shelf-life of
this promising class of dairy products and main-
taining the excellent safety record and reputation of
cheeses.

Publications

Luchansky, J. B. Knowing and controlling cheese
pathogens. Presentation at the International Cheese
Technology Exposition, April 5-7, 1994, LaCrosse,
Wisconsin.

Luchansky, J. B. Processing factors in cheese and
lowfat cheese that control growth and survival of
Listeria. Presentation at the symposium “Conquer-
ing Listeria,” Dairy Research Foundation,
Rosemont, Illinois.

Quinones, A, A. J. Degnan, J. B. Luchansky, and E. A.
Johnson. Pathogen survival in reduced fat and full-
fat Cheddar cheese containing antimicrobials.
ASDA Abstract, J. Anim. Sci. 72:, Suppl 1, J. Dairy
Sci.: 77, Suppl 1, 1994.

Quinones, A, A. J. Degnan, J. B. Luchansky, and E. A.
Johnson. Pathogen survival in reduced fat and full
fat Cheddar cheese containing antimicrobials.
Poster presentation at the Annual Meeting of the
Food Research Institute, May 25, 1994.

Gorski, D. Food Safety. Technological advancements.
Dairy Foods
95 (May 1994): 34-37.

Johnson, E. A. Microbiological safety of reduced fat
Cheddar cheese. Presentation at the Annual
IAMFES Meeting, Seattle, Washington, July 1996.
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INTERIM REPORT

Control of Clostridium botulinum and Related
Sporeformers in Full Fat and Reduced Fat Cheddar
Cheese

Personnel:  Eric A. Johnson, professor, Ann E.
Larson, senior research specialist, Food Microbiol-
ogy and Toxicology

Dates:  July 1994 – June 1996

Funding:  Dairy Management Inc. JHN95

Objectives

1. Identify clostridia responsible for gaseous
spoilage of commercial Cheddar cheese obtained
from manufacturers in Wisconsin. Determine
growth and spoilage by these isolates in full fat and
reduced fat Cheddar cheeses.

2. Determine growth and toxin production by C.
botulinum and toxigenic C. butyricum in Cheddar,
reduced fat Cheddar (25% and 50% fat reduction),
and in commercial reduced fat cheese and cheese
sauce.

3. Determine the limiting nutrients and physical
conditions that govern growth of C. botulinum and
C. sporogenes. Examine the location of spores
within the cheeses by scanning electron micros-
copy (SEM) and by confocal microscopy.

4. Prepare peptide (cationic) and lipid fractions
from the cheese and examine these for inhibitory
activity against pathogens:  gram-positive
(Clostridium and Listeria) and gram-negative
(Salmonella, Campylobacter, E. coli).

Summary

Letters were sent by the Wisconsin Cheesemakers
Association to many commercial cheese factories in
order to obtain samples of gassy/spoiled cheese.
About 4 to 5 samples of gaseous cheese were
obtained from the cheese industry. Efforts to isolate
anaerobic sporeformers from these cheeses were
unsuccessful. Our data supports the conclusion that

anaerobic sporeformers are not a major cause of
gaseous spoilage in cheeses in Wisconsin. However,
we continue our efforts to obtain natural isolates of
clostridia species from gassy cheeses. We welcome
manufacturers to send spoiled cheeses to our
laboratory.

Our laboratory has a wide variety of strains of
Clostidium botulinum, C. sporogenes, and other
clostridial species from various food and clinical
sources that are available for subsequent parts of
this study. Botulism outbreaks and recalls have
occurred in recent years in commercial cheese
sauces due to temperature abuse. We obtained
samples of product involved in one outbreak, as
well as many similar products. We have also
obtained isolates of the causitive C. botulinum agent
from the FDA. We have used this isolate and other
strains of C. botulinum to inoculate various prod-
ucts with added nutrients at various temperatures
to define the limiting nutrients and conditions for
growth of anaerobic sporeformers. Work is in
progress to determine the effect of fat reduction on
various anaerobic sporeformers, as well as defining
specific anticlostridial properties of Cheddar cheese
and cheese sauces.

Significance to the dairy industry

Safety is the highest priority in producing dairy
foods. Recent outbreaks of botulism in commercial
cheese products and in foods containing cheeses
have indicated that research is necessary to define
the condtions that enable growth and toxin produc-
tion by C. botulinum and C. butyricum that pro-
duces botulinal toxin. Additonally, this research will
enhance the safety of dairy products by the identifi-
cation and implementation of antimicrobials
present in cheese including lipid compounds and
peptides.
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INTERIM REPORT

Application of Biopreservatives as Antilisterial
Agents in Queso Fresco and Cheddar Cheese

Personnel: John B. Luchansky, associate professor,
Food Research Institute, Mark E. Johnson, senior
scientist, Center for Dairy Research, Nana Y. Farkye,
research scientist, California Polytechnic State
University Alan J. Degnan, senior research special-
ist, Food Research Institute

Funding: Dairy Management Inc. LCH 95

Dates: July 1994 – June 1996

Objectives

1. Identify lactic acid bacteria (LAB), for use in
Queso Fresco, that produce bacteriocins effective
against Listeria monocytogenes without producing
significant amounts of organic acid(s). Identify
bacteriocinogenic starters or adjuncts for use in
Cheddar cheese.

2. Validate bacteriocinogenic LAB and fermentates
of LAB as antilisterial agents in Queso Fresco and
Cheddar cheese at different steps during manufac-
ture.

3. Evaluate the effect of biopreservatives on sensory
or biochemical qualities of Queso Fresco and
Cheddar cheese during storage at refrigeration and
abuse temperatures.

Summary

Queso Fresco (QF) is a Hispanic, fresh-style soft
cheese that relies on enzymes rather than acid to
coagulate the cheese milk. Thus, the final product is
a low acid (pH 6.2-6.4), high moisture (ca. 55%),
buttery-tasting cheese, whose popularity is growing
rapidly, especially in the southern and western
regions of the United States. The absence of an acid
“hurdle”  provides favorable conditions for bacterial
proliferation and, presumably, a greater potential
for foodborne hazard. Listeria monocytogenes is a
foodborne pathogen which persists in a wide range
of raw and processed foods. The proximate compo-
sition and manufacture/storage conditions for QF
provide a suitable growth environment for this acid
and salt tolerant, cold-loving pathogen. Therefore,
we investigated the efficacy of biopreservatives
delivered during production of QF for the control of
L. monocytogenes.

In preliminary experiments, bacteriocinogenic
lactic acid bacteria (LAB) from our culture reposi-
tory with antilisterial activity (Table 1) were
evaluated to identify strains which grew adequately
and produced sufficient bacteriocin but minimal
lactic acid during growth in milk compared to
synthetic media. Each strain was separately grown
at 30°C for 20 hours in whole or skim milk, as well

Table 1. Bacteriocinogenic lactic acid bacteria with antilisterial activity.

Strain Bacteriocin

Lactococcus lactis subsp. lactis  ATCC 11454 nisin
Pediococcus pentosaceus FBB611 pediocin
Lactobacillus sake  LB706 sakacin A
Enterococcus faecium 1083 enterocin 1083
Pediococcus acidilactici  JBL1095 pediocin AcH
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as a lactose-based or glucose-based synthetic
medium. Strains that did not readily utilize lactose
showed low growth rates (Figure 1a) and little or no
bacteriocin production (Figure 1b) in either milk
or lactose-based media compared to the glucose-
containing synthetic medium. Only Lactococcus
lactis subsp. lactis ATCC 11454 produced sufficient
antilisterial activity [ca. 25,000 Arbitrary Units
(AU) per ml of skim milk] for use in
cheese-making trials. As a disadvantage, L. lactis
also produced more acid in milk (pH 5.7) than was
considered ideal (data not shown). However, it was
assumed that adding this culture, or milk
prefermented with this culture, to a relatively large
volume of cheese milk would have little effect on
the pH of QF.

Queso Fresco was prepared using a traditional
process that resulted in a final product with about
52% moisture, 38% fat, 1.9% NaCl, and pH 6.4. To
inoculate QF with L. monocytogenes, pasteurized,

whole milk was challenged with a cocktail contain-
ing strains V7, Ohio, and Scott A at about 104 cfu/
ml. The final product was stored at 4 or 12°C and
tested for viable L. monocytogenes at 0, 1, 3, 7, 14,
and 21 days. For experimental treatments, the
bacteriocin, nisin was added to QF by 3 different
strategies. First, a prefermented milk (PFM) was
prepared by overnight growth of L. lactis ATCC
11454 in 2.5 L of whole milk at 30°C and the
resulting nisin-containing PFM (ca. 25,000 AU/ml;
pH 5.5) was added to the cheese milk. The PFM was
mixed at a level of 5% with the cheese milk contain-
ing the L. monocytogenes cocktail just before adding
the starter culture, delivering about 500 AU of nisin
per ml of cheese milk. Second, nisin activity (1,000
AU/ml) was added directly to cheese milk by
blending 50 g of NisaplinTM, a commercial prepara-
tion of nisin, with 50 kg milk. Third, nisin activity
was delivered by “salting” 50 g Nisaplin simulta-
neously with cheese salt directly onto 5 kg of curd
(produced from 50 kg of milk). The salt/nisin

Figure 1a. Population increases (log10 cfu/ml) of bacteriocinogenic lactic acid bacteria in milk
and lactose- or glucose-based synthetic media.
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Figure 1b. Antilisterial activity (AU/ml) produced by bacteriocinogenic lactic acid bacteria in
milk and lactose- or glucose-based synthetic media.

Figure 2. Fate of L. monocytogenes  in Queso Fresco prepared with nisin (500 AU/ml) added
via prefermented milk (PFM; 5%).
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combination was thoroughly distributed through-
out the cheese curd by hand mixing just prior to
hooping and pressing.

In control batches (nisin-free) of QF stored at 12°C,
counts of L. monocytogenes increased over 3 log10

cfu/g cheese within 3 days and remained at maxi-
mum levels over the 21 day sampling period
(Figure 2). At 4°C, pathogen counts in the control
batches increased more slowly, reaching about 1
log10 cfu/g over initial inoculum levels over 21 days
(Figure 2). For QF prepared with PFM and stored at
12°C, populations of L. monocytogenes decreased
about 2 log10 units within 1 day. However, counts
recovered similar to those in control batches within
21 days. When stored at 4°C, counts of the pathogen
also declined about 2 log10 units within 1 day, and
counts remained about 2 log10 units below counts
of the control over the 21 day sampling period.
Compared to storage at 12°C, after the initial 2 log10

unit decrease the additional hurdle of refrigeration
substantially suppressed the pathogen during
storage at 4°C. The initial decrease in pathogen
numbers observed in QF prepared with PFM was
attributed to the presence of nisin and perhaps the
slight acidity introduced via the PFM.

In QF prepared with Nisaplin added to the cheese
milk, and then stored at 12°C, counts of L.
monocytogenes decreased 1-2 log10 units within 1
day and remained 2-3 log10 units below those in
control batches over the 21 day storage period
(Figure 3). Similarly, in batches of QF stored at 4°C,
populations of L. monocytogenes decreased about
1-2 log10 units within 1 day and remained static
thereafter at 2-3 log10 units below control popula-
tions over 21 days at 4°C. However, the combination
of Nisaplin and refrigeration displayed greater
antilisterial activity than using Nisaplin and storing
at 12°C. The greater reduction of L. monocytogenes
achieved by adding Nisaplin to the cheese milk
rather than adding nisin to the cheese milk via
PFM was attributed to the higher levels of nisin
activity (1,000 vs 500 AU/ml) in the former. Also,
the use of a nisin preparation compared to a
nisin-producing strain in PFM enabled precise
control over the degree of antilisterial activity.
Sufficient antilisterial activity was not produced by
L. lactis ATCC 11454 for efficacious use of PFM at a
level of 5%.

In QF prepared with Nisaplin “salted” into cheese
curd with subsequent storage at 12°C, counts of L.
monocytogenes initially dropped 3 log10 units

Figure 3. Fate of L. monocytogenes  in Queso Fresco prepared with 50 g Nisaplin added to 50
kg cheese milk.
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within day 1 (Figure 4). Despite a 2-3 log10 resur-
gence in pathogen levels, counts of L.
monocytogenes remained 2-3 log10 units below
levels observed in control batches. Similarly, for QF
stored at 4°C, pathogen numbers dropped below
detection (5 cfu/g cheese) and remained static for
up to 14 days, after which low levels of L.
monocytogenes were detected. The difference
between populations of L. monocytogenes in
control (nisin-free) cheese compared to cheese
prepared with Nisaplin added at the salting stage at
4°C was about 4 log10 units.

Batches of QF treated with Nisaplin received
equivalent amounts, whether added to the cheese
milk (50 g Nisaplin/50 kg milk), or “salted” onto the
curd (50 g Nisaplin/5 kg curd). However, activity
levels were increased by adding nisin activity to 5
kg curd (10,000 AU/g) compared to 50 kg milk
(1,000 AU/g). This may explain, in part, why
populations of L. monocytogenes were lower in QF
prepared by adding Nisaplin to the curd rather
than the cheese milk. Also, delivering nisin activity

to the curd precludes the loss of activity
that presumably occurs when the whey is
drained. Thus, the “salting” method of
delivering antilisterial activity to QF at the
curd phase was more efficient than deliver-
ing an equivalent amount to the cheese
milk. Regardless of when or how
antilisterial activity was delivered to QF, the
presence of the bacteriocin was sufficient to
reduce pathogen numbers appreciably for
up to 5 days, which is the approximate
timeframe for consumption of QF. Lastly,
the addition of nisin-containing PFM or
Nisaplin to cheese milk or curd did not
appreciably alter pH. Generally, pH values in
all treatments discussed in this report were
not significantly different, with batches
stored at 12°C ranging from an initial pH of
pH 6.4 to a final pH of pH 5.7 at day 21. The
pH of the cheese stored at 4°C ranged from
an initial pH of pH 6.4 to a final pH of pH
6.2 at day 21.

Figure 4. Fate of L. monocytogenes  in Queso Fresco prepared with 50 g Nisaplin “salted”
onto 5 kg curd prepared from 50 kg cheese milk.
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Significance to the dairy industry

Queso fresco (QF) is a high pH, high moisture soft
cheese prepared with minimal starter activity,
considerable hand manipulation, and is stored at
elevated temperatures. Thus, QF is particularly
prone to microbial hazard, notably from the
foodborne pathogen L. monocytogenes. Although
good manufacturing practices and proper sanita-
tion can reduce the likelihood of hazard, additional
strategies are needed to manage L. monocytogenes
in Hispanic-style cheeses. Our results demonstrate
that biopreservatives can appreciably reduce
numbers of L. monocytogenes in QF, particularly
when added directly to the cheese milk or curd. As
such, bacteriocins offer great potential for improv-
ing the safety of QF and dairy products in general.
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Preservation of food using lactic acid bacteria and
bacteriocins. Food Testing & Analysis 2(2):17-19.

Abstracts

Degnan, A. J., N. Y. Farkye, M. E. Johnson, and J. B.
Luchansky. 1996. Use of nisin to control Listeria
monocytogenes in a Queso Fresco cheese. Abstracts
of the Annual Meeting of the International Associa-
tion of Milk, Food and Environmental Sanitarians
(#154), pg 70.

Presentations

“Bacteriocin use in foods.”  Invited speaker at the
FDA Science Forum on Regulatory Sciences.
Washington, DC, September 30, 1994. (J.B.
Luchansky)

“Managing pathogens in processed food.”  Presen-
tation at the Vision for Food Safety Symposium.
Madison, WI, January 18, 1995. (J.B. Luchansky)

“Update on biocontrol and subtyping of foodborne
pathogens.”  Scientific Lectureship, Institute of
Food Technologists. Honolulu, HI, January 25, 1995.
(J.B. Luchansky)

“Applications of bacteriocins and bacteriocin-
producing lactic acid bacteria in foods.”  Presenta-
tion at the International Dairy Lactic Acid Bacteria
Conference. Palmerston North, New Zealand,
February 20, 1995. (J.B. Luchansky)

“Applications of pulsed-field gel electrophoresis
and lactic acid bacteria for subtyping and
biocontrol of foodborne pathogens.” Distinguished
Science in Microbiology and Cell Science Lecturer,
University of Florida. Gainesville, FL, March 24,
1995. (J.B. Luchansky)

“Microbial safety of reduced fat Cheddar cheese.”
Invited speaker at the International Business
Communications Conference of Fat and Choles-
terol-reduced Foods. New Orleans, LA, March 30,
1995. (J.B. Luchansky)

“Applications of lactic acid bacteria in food preser-
vation.”  Keynote speaker at the Advanced Work-
shop on Bacteriocins of Lactic Acid Bacteria. Banff,
Alberta, Canada, April 18, 1995. (J.B. Luchansky)

“Applications of genomic fingerprinting and
bacteriocins for food microbiology.” Annual
Meeting of the Food Research Institute. Madison,
WI, May 16, 1995. (J.B. Luchansky)

“Molecular typing and biocontrol of L.
monocytogenes in foods.” Distinguished Lecture-
ship, Czechoslovakia Society of Microbiology. Brno,
Czech Republic, October 25, 1995. (J.B. Luchansky)

“Dairy applications for biopreservatives and
molecular subtyping.” The 63rd Annual Dairy and
Food Industry Conference, The Ohio State Univer-
sity. Columbus, OH, February 14, 1996. (J.B.
Luchansky)
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“Applications of biopreservatives and pulsed-field
fingerprinting for the dairy and foods industries.”
Invited speaker at the California Polytechnic State
University, Dairy Products Technology Center. San
Luis Obispo, CA, March 11, 1996. (J.B. Luchansky)
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Center for Dairy Research Communications

Personnel: Sarah Quinones, outreach program manager, Karen Paulus, editor, Dawn Hyatt, program
assistant

Outreach Events

CDR hosted a technical session on cheese yield.  The proceedings
for this session, distributed at the event, were very popular.

 This annual workshop provides participants with an understand-
ing of the nature and the control of dairy foods pathogens.  A
comprehensive set of course materials is developed by the speakers
and distributed for this event.

The CDR Open House was a tremendous success with 175 attendees
representing producers and processors. This event showcased CDR
and CDR produced technologies. Over 16 press organizations
covered the CDR event.

Over 50 researchers, industry representatives, board members, and
producers met in Madison to participate in the National Milkfat
Technology Forum, co-sponsored by Dairy Management Inc., the
Wisconsin Milk Marketing Board and the California Dairy Research
Foundation.  Scientists presented updates on all aspects of milkfat
technology and applications, including pre-harvest technologies,
butter manufacturing, milkfat fractionation, enzymatic modifica-
tion, butter flavor, and nutrition. The presentations were followed by
a lengthy discussion of the current program and issues, and needs
for future milkfat research. DMI, WMMB and CDR are using the
information to develop the National Milkfat Plan.

CDR staffed a booth at this annual meeting to present information
about our research and applications programs. We offered samples
of reduced fat cheese, along with a technical fact sheet describing
the patented make procedure.

Technical Seminars

“Rheology and Microstructure of Dairy Products,” Dr. Karsten B. Qvist, Director, Institute for Dairy
Research, Copenhagen, Denmark. August, 1995.

“Recent Research on Proteolysis During Cheese Ripening,” Dr. Pat Fox, Professor, Dept. of Food Chemistry,
Cork, Ireland. August 21, 1995.

WCMA/CDR Cheese conference
April, 1996

Producing Safe Dairy Foods
August 29-30, 1995

CDR Open House
March 27, 1996

Milkfat Technology Forum,
April 23-24, 1996

CDR Booth, Institute of Food
Technologists Annual Meeting,
June, 1996
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Scientist exchanges

Hosting professor:  Kirk Parkin, Dept. of Food Science. March, 1995
to October, 1995. Project: Preparation of butteroil-in-water
emulsions using blends of milk proteins and lipids.  (See report in
milkfat research chapter.)

Hosting professor:  S. Gunasekaran, Dept. of Agricultural
Engineering. July - September, 1995.  Project: Objective method for
measuring flow and cheese melt characteristics. (Report in Cheese
research chapter.)

Hosting professor: Charles Hill Jr., Dept. of Chemical Engineering.
July - August, 1995.  Project: Use of immobilized lipases for the
modification of milkfat. ( Report published in milkfat research
chapter.)

Visiting Mentor.  Dr. Qvist is an internationally known expert in
rheology of dairy foods. While in Madison, he met with over fifteen
researchers at the University to discuss cheese structure, function-
ality, and manufacturing technology. Dr. Qvist also visited Land
O’Lakes to make a presentation.

Industry Teams

The thirty members of the cheese industry team met twice in the
past year to develop the Center’s research program and to hear
about the progress of research projects.  It was decided that the
team membership would be better defined in the future to include
clear objectives, benefits, and an annual membership fee.

The safety industry team consists of 20 members who met once
this past year to hear about research progress, to discuss current
safety concerns, and to identify future research topics.

Publications

Although we have considered different options to distribute this
information, CDR continues to publish and mail the annual report.
(Reports will also be available through our web site.) This technical
annual report summarizes all current research projects and is
distributed to funding agencies and scientists in academia, indus-
try and at other dairy research centers around the world.

Marit Reierstad.  Agricultural
University of Norway

Muhammet Ak,  Istanbul
Technical University

Hugo Garcia,Centro de
Graduados, Mexico

Karsten Qvist, Director,
Institute for Dairy Research,
Copenhagen, Denmark

Cheese

Safety

Annual report

“Physico-Chemical Changes in the Water Phase of Cheese During Aging: Implications for Controlling
Functionality,” Dr. Paul Kindstedt, Associate Professor, Dept. of Animal and Food Sciences, University of
Vermont, Burlington. Sept. 19, 1995.  Kindstedt also met with industry and the Wisconsin Dept. of Ag in
individual consultations.
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Cutting Edge We also publish a shorter, general report which we now call the
Cutting Edge. We use it to describe CDR and highlight several
research projects in an easy-to-read style. We have taken the Cutting
Edge to the Dairy Expo, IFT, and the joint meeting with Wisconsin
Cheesemakers.

The Dairy Pipeline continues to be a practical and dependable
training publication for the dairy industry. This year, in honor of our
10th Anniversary, we published a collection of all the Curd Clinics
published in the Pipeline and distributed it at the LaCrosse, Wiscon-
sin Cheesemakers Conference. The Pipeline, including back issues,
will soon be available through our web site.

Technical fact sheets are a simple, efficient way to describe and
explain recently completed research projects. For example, we
printed a technical fact sheet about the make schedule for reduced
fat Cheddar and had it available at our IFT booth, next to samples of
reduced fat Cheddar.

An information packet was developed which provides an overview
of CDR’s vision, research, applications, and projects. This packet of
information will be given to visitors and taken on calls to industry
sites. A series of visual icons were designed for this packet which
can be used throughout CDR communications pieces including
CDR’s homepage and promotional videos.

A handout was prepared for each of the four applications program
areas, Milkfat as an Ingredient, Cheese as an Ingredient, Safety and
Quality, and Wisconsin Specialty Cheese.  These handouts provide
prospective industry clients with an understanding of the vision for
each area, their services and research facilities.

Videos

Several segments of video footage had been done by news stations
and promotional agencies. This promotional video put together
clips from various sources to present a 6 minute overview of the 5
key aspects of CDR — the vision, research program, applications
programs, transfer of information and technology, and research
projects.  This video was designed for the director to use in his
promotional travel and exhibits at industry events.

 A TV news feature segment was done on the cheese functionality

Dairy Pipeline

Technical Fact Sheets

CDR Information Packet

CDR Applications Fact sheets

CDR promotional video

ABC News Milwaukee
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research of  S. Gunasekaran and Norm Olson.  This segment was an
excellent means of conveying CDR’s partnership with the food
industry and role in improving the quality of cheese as an
ingredient.

CDR On-Line

Established CDR On-line Web site.
Established databases based on industry needs of information
access
Began porting databases to web site
Began setup of Local Area Network

CDR’s web site went on-line in September 1995 and made it’s public
debut at the World Dairy Expo in October of ’95. Our web site is
listed in Yahoo, Webcrawler and other Web search databases and we
are receiving e-mail via the web site on dairy research related topics.
It has been well regarded and received a “must see” in a review of
dairy related web sites.

Key Accomplishments:


