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Introduction
The California dairy industry produced approximately
$5 billion in revenue in 2001. It is both the largest dairy
industry in the United States and the largest agricultural
enterprise in California measured by sales revenue. Thus
research and development (R&D) affecting the dairy
industry has the potential to contribute significantly to
the agricultural economy in the state. Most agricultural
R&D has traditionally contributed on the supply side,
for example, by improving farm productivity. However,
R&D may also contribute on the demand side, for
example, by developing new uses for agricultural raw
materials. This issues brief reports on the potential
economic contributions of one set of such innovations.
Specifically, we investigate the potential benefits of R&D
conducted at the Department of Food Science and
Technology at UC Davis. This research program is
developing new applications for edible films and coatings
made from whey protein, a by-product of cheese
manufacture. In order to evaluate the economic
contribution of these innovations, we must evaluate the
impact on the supply and demand for milk and milk
products. In order to specify the economic models we
must understand the new technology, the potential
adoption rates, and the potential size of the new market.
This technological and market information is an input
for the economic evaluation which then models how the
increase in demand for whey protein traces through milk
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and dairy product markets to affect the prices and returns
to producers and the effects on consumers.

New uses for whey
Whey is the liquid remaining after removal of the curd,
which is processed into cheese. In the recent past,
commercial cheese manufacturers in the United States
treated whey as sewage, or returned whey to farms to be
fed to pigs or spread on fields. However, due to
development of new refinement techniques, as well as
increasing awareness of the environmental and financial
costs of whey disposal, manufacturers have found it
profitable to process whey into high protein products
for use as food ingredients. For example, whey protein
is used in bakery products, infant formulas and sports
bars. Products are available that span a range of protein
contents, including those with very high concentrations
of protein, whey protein isolate (WPI, greater than 90
percent protein) and whey protein concentrate 80
(WPC80, approximately 80 percent protein). Most whey
is processed into dry whey, a commodity product with
relatively low protein content. The whey market has
developed rapidly in the United States and some cheese
processors still either do not have the technology to
process whey, or do not have a market for the whey
products. Approximately 30 percent of the total amount
of whey available as a result of cheese production is not
sold. For the rest of the cheese industry, whey is actively
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The R & D leading to these new uses was conducted over several years at the Department of Food Science and Technology,
University of California, Davis in the laboratory of Professor John Krochta.

marketed and supplies about 11 percent of the revenue
for a modern cheese plant.

considered likely to be marketed commercially in the near
future. Their potential economic effects are not considered
here.

Whey protein has the ability to form intact films and
coatings on the surface of objects (see figure 1). This
property has led to consideration of several different
applications and the development of technology to
facilitate the four new uses considered here:
■

For the four new uses described above, we have compared
the costs of using whey protein to the current materials
and technology. This evaluation involved contacting
industry sources and gathering current and potential cost
information. Based on these cost comparisons, three
specific new uses—the oxygen-barrier coatings on
plastics, gloss coatings on panned confectionery, and
oxygen-barrier coatings on nuts for use in
confectionery—are considered likely to be adopted by
industry in the near future. Allowing time for final
refinements in the lab and for developing capacity to
commercially produce and apply these new technologies,
these three applications can feasibly be adopted by
industry by 2005.

Oxygen-barrier coatings on foods
Coating foods that are prone to oxidation (rancidity)
will prolong their shelf life. Only edible films and
coatings can be ingested with the food, thus eliminating
the use of all synthetic plastics for these applications.
There are many foods that could use this type of
coating. Two specific potential applications are
evaluated here: (1) coating snack peanuts, and (2)
coating nuts used in confectionery. The coating
prevents the nuts from going rancid, and thus extends
the shelf life of the snack nuts or confectionery.

■

The research program that developed these technologies
has been in operation since 1990. Through the potential
adoption date of 2005, the program will have cost a
present value of $4.9 million. Financial support has come
from the dairy industry and consumers through producer
and processor assessments. Support also comes from
taxpayers through grants and overhead paid by the
University of California. The benefits discussed below
should be considered in the context of this investment in
R&D.

Gloss coatings on confectionery
The most widely used glaze is shellac, also called
confectioners glaze. Confectionery manufacturers are
looking for an alternative glaze that will not have the
tight environmental regulations that accompany the
use of shellac. The specific application of gloss
coatings on panned confectionery is evaluated here.

■

Oxygen-barrier coatings on plastics

Potential size of the market and potential
use of additional whey protein

Most plastics that are good moisture barriers are poor
oxygen barriers. Thus, they are commonly coated to
provide a good oxygen barrier. Whey coatings
developed by the UC Davis research may substitute
for current technologies that make plastic nonrecyclable.
■

The estimated increase in demand for whey protein from
these three currently viable applications is shown in
Table 1. The figures represent the additional quantity of
whey protein demanded for a likely level of adoption in
which 50 percent of the relevant markets adopt the new
technology. The total increase in demand for whey protein
is 12.3 million pounds, which is equivalent to 3 percent
of whey available as a by-product of U.S. cheese
production, or 14 percent of whey protein available from
California cheese production.

Grease-barrier coatings on paper and
paperboard
These coatings are used on packaging for
productssuch as fast food and pet food. Whey coatings
may substitute for current technologies that make
paper non-recyclable and non-biodegradable.

Since the actual level of adoption of the innovations is
uncertain, it is important to consider a range of adoption
scenarios. A portion of our analysis, not presented in
Table 1, measures the additional demand for whey protein
based on 25 percent adoption of relevant markets, and
75 percent adoption of relevant markets. Increased
demand for whey protein is then between 6 and 18 million
pounds. This is equivalent to between 1 and 4 percent of
the estimated current total whey protein available as a

Three additional potential applications of whey are being
investigated at the UC Davis lab. These are coatings on
foods that can be used to prevent the movement of
moisture from one component to another; anti-microbial
coatings on cheese; and industrial films and containers
made from whey. These potential applications of whey
are still in their early stages of development and are not
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by-product of cheese manufacture nationwide, or between
7 and 21 percent of whey protein available in California.

quantity demanded for a 1 percent increase in price. U.S.
demand elasticities of -0.5 for cheese (0.5 percent
decrease in quantity of cheese demanded in the U.S. for
a 1 percent increase in cheese prices), -1.0 for whey, and
-0.5 for all other dairy products are chosen based on
estimates published in the agricultural economics
literature. The responsiveness of the U.S. milk supply to
changes in milk prices is captured by the elasticity of
milk supply—the percentage change in quantity of milk
supplied for a 1 percent increase in milk price. For a
long-run time horizon that may apply to the spread of
the market effects of new uses, a milk supply elasticity
of 1.0 is used. Other key parameters are based on 2001
dairy market data: the cost share of milk in cheese-whey
manufacture is 68 percent; the average cost share of milk
in the manufacture of all other dairy products is 70
percent; the share of a cheese plant’s revenue from whey
is 11 percent; and the share of U.S. milk production
allocated to cheese-whey production is 37 percent.

Economic effects of new whey applications
Successful marketing of these new whey applications
would result in increased demand for whey. The effects
on U.S. and California dairy industries of an R&Dinduced demand shift for whey depend on the economic
relationships that comprise the markets for milk and dairy
products.
Dairy product markets are complex. Raw milk is the
primary input in many processed dairy products,
including several varieties of fluid milk, butter, nonfat
dry milk, cheese, whey, ice cream, cultured products,
etc. Thus, the price of raw milk is an important
determinant of the cost of all dairy products and an
important determinant of the supply of these products.
Increased demand for whey from new uses results in a
higher whey price, encouraging increased production of
whey. Due to joint-production of cheese and whey, cheese
production must also increase, putting downward
pressure on cheese prices. Increased demand for milk by
cheese and whey manufacturers drives up the price of
milk, encouraging greater milk production. At the same
time, a higher milk price raises costs for manufacturers
of butter, ice cream, and other dairy products, causing
them to use less milk and produce less, resulting in higher
prices for these products.

Effects of new uses of whey on milk prices
and gains to producers
Based on the calculations in Table 1, we find that the
likely increase in U.S. demand for whey from the new
innovations is 3 percent. We model the effects of increased
demand on markets for dairy products and raw milk.
The results are presented in Table 2.
Increased demand for whey results in higher whey prices
by 2.86 percent, accompanied by lower cheese prices by
0.28 percent. The fall in cheese prices is due to the joint
production of whey and cheese. As cheese manufacturers
receive more for whey, more cheese is produced and
cheese prices fall. However, since whey is a relatively
small share of cheese processors’ revenue, the implied
reduction in cheese prices is relatively small. Cheese and
whey quantities increase by 0.14 percent. Raw milk prices
and production each rise by 0.04 percent due to increased
demand from cheese-whey processors. As higher milk
prices drive up manufacturers costs, prices of dairy
products other than cheese and whey rise by 0.03 percent,
and quantities of these products fall by 0.01 percent.

In the United States and in California, milk prices are
determined by a combination of market (supply and
demand) and regulatory forces. While there are many
elements of public policy in dairy, of immediate
importance to the whey issue considered here are the
milk pricing policies of milk marketing orders. Federal
and California marketing orders set minimum prices for
milk used in various products and potentially affect the
links between milk and dairy product markets. Marketing
orders set milk prices based on formulae that take dairy
product prices into account. The milk pricing formulae
may not respond to changes in all dairy product markets,
or may respond with some delay. However, over time,
milk and dairy product markets adjust so that milk prices
reflect dairy product prices.

The changes in prices and quantities in dairy markets
affect revenue of the firms selling in those markets. The
percentage change in U.S. whey revenue is 3.40.
Percentage change in U.S. cheese revenue is -0.18. Based
on an average of 11 percent of cheese-whey plant revenue
from whey, gross revenue for cheese and whey production
increases by 0.22 percent, or approximately $29 million
(2002 U.S. dollars). Annual dairy farm revenue rises by

Our simulation model of the U.S. dairy industry
quantifies the expected effects of an R&D-induced
increase in whey demand. The model requires parameters
of relevant supply and demand curves, as well as dairy
market data. Demand for dairy products is characterized
by elasticity of demand—the percentage change in
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to consider the effects of a range of
adoption rates for the whey protein
applications. Whey prices are
projected to increase between 0.95
and 3.81 percent, raw milk prices
by between 0.01 and 0.06 percent.
The annual benefit to U.S. milk
producers is between $2.5 million
and $14.9 million, and the annual
benefit to California producers is
between $0.5 million and $2.8
million. The capitalized value of
producer benefits is between $31
million and $186 million for all U.S.
producers, and between $6 million
and $35 million for California.

0.08 percent, or approximately $20 million for all
U.S. dairy farms and $4 for California dairy farms.
The new uses for whey reduce the costs of
manufacturing candies and plastic products. Thus
the innovations benefit these companies and
consumers of these products. Of particular interest
here however is the effect on incomes of milk
producers. Based on the market interactions and
changes in prices and quantities listed above, we may
determine the implied benefits to producers.
Increased whey demand results in higher milk prices
and increased milk production, making dairy farmers
as a group better off. The last two rows of Table 2
report a measure of the annual benefit to producers
in the United States as a whole, as well as the annual
benefit to producers in California. Gains to all U.S.
producers due to increased whey demand are $10
million per year (2002 U.S. dollars). California’s
share of producer benefits is $1.9 million. Projecting
these annual benefits out over an infinite time and
assuming a discount rate of 8 percent, the
approximate of the capitalized value of the research
benefits is $125 million (=$10/.08) for all U.S.
producers and $24 million for California producers.
For determining the expected impacts of new uses
for whey, it is important to look at a variety of
simulations because of lack of precision in knowledge
about the market relationships. Additional analysis
not presented in detail here applies the same model
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Implications

We do not consider other benefits of new uses for whey,
for example, increased returns to cheese-whey
manufacturers, or the benefit to producers and consumers
in the markets for confectionery, nuts, and plastics
products. Yet even with our narrow measure of research
benefits, considering the research cost of $4.9 million,
the return on investment in research may be significant
if the new technologies are adopted by industry for only
a few years. Continued R&D and development of
production capacity are required before the innovations
can be produced and marketed commercially, and the
cost of further R&D and marketing of the new whey
applications will be weighed against the potential benefits
measured and discussed here. ■

Ongoing research has generated new uses for whey.
Successful marketing of the innovations can result in
increased demand for whey, with ripple effects throughout
the U.S. and California dairy industries.
Adoption of the new whey uses would result in higher
whey prices and small changes in dairy product prices
and sales. One reason for the relatively small percentage
changes in milk and dairy product prices is the small
contribution of whey to dairy manufacturers’ revenue.
As a result, even a relatively large increase in whey
demand results in a small reallocation of milk towards
whey and cheese production.
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