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The Melt and Stretch of Cheese

Iy Mark blrsow, CDR

Melted cheese— it's the essential ingredient in nachos and pizea
and the soul of a grilled cheese sand wich. But what do we really
mican when we say that cheese melis? A chemist will tell you that
asubstance mels when it changes from a solid or crystalline siate
toa liguid. A food scientist will describe meltas the ability wo Dow
or spread. Generally, wethink of cheese me ling from high heat,
perhaps during baking or grilling. However, some chesses, like
ripenad Camember i or Limburger, actually mell or fow ai
refrigeration temparatuwre. Whether or not a cheese mehs or
streiches, and how well it melis and stretches, depend s on the
chemistry and thermod ynamic propertics of s casein network.
Sound complicated MWell, i is! But most cheesemakers ane
already influencing the chemistry and physics of cheesemel and
streich when they adjust the following factors: milk hes—

ireat ment, pHduring cheesse manu faci ure, choese oom position,
the lowest pH obtained in the cheese, and prodeolysis, or the
breakdown ofintac casein.

Siretch is the ability of the casein network to mainiain ils
integrity and nod break when pressune is applied
1o the cheese, Obser ving the elasticity,
aof siringy behavior, of Mozza-
rella baked on a pizea isa
simple way o soe streich.
Strewch is also eaponsib ke for
the blisters that form when
cheeseis baked. Streich & mios
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often associated with high temperat ures b, like
meelt, it canoocur al much cookr tlemperaiures.

Stretch is necessary for developing round eyes in
Swiss cheese, Whether vou produce a Swiss choese
with round eyes or slits will depend on the streich or
pliability of the casein network, the rate of gas
formation during the warm room ireaiment , and the
tempergure of the cheese, Similarly, the tempera-
tureolihe cheeseand the rate at which the cheese is
sireiched determines the elongation of chesse on a
haked pizea.

Casein interactions

Themeh and stretch properties of cheese are
hased on ihe

num ber of

interactions bel woen
casein moleca les, the major

milk protein. The fewer the interac-
tions, the greater the meli. Streich
requires an intact, interconnected casein net work
and is kst as the interaciions bel woen casein
melecu bes {or ageregates) decrease. Siredch is the
resu i of casein—casein nteractions that are broken
casily butalse readily reform at different locat ons in
the casein network. Think of holding a piece of
warm Mogzarella, take one end in each hand and
genily pull it apart. The casein molecu kes are
grabbing and releasing each other while sliding past
as you pull the cheese,

There ane several motors we need 10 eview 1o

understand the casein 1o casein imerad ions . Each
A
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casein micelle aggregates

has an influence on melt and streich, and there is a grea
dealoflinter play. First, we need toconsider the cheese
oo s i ion., of casein density Then, there is the amouunt of
interplay between casein molecu kes. These inleractions are
strongly influenoed by pH and temperature. Finally, there is
dissolution or breakdown of the casein molecu le— pro-
tonlysis.

Cheese composition and chemistry
how they affect melt and stretch

A5 vou can seein Figure |, moest ofthe casein in milk exisis
in miceles— or “hund les” of many casein maolecules.
Dwring the clonting process the micelles rm aggregaes,
The chod, or coagu lum, is an inerconnected neiwork of
aggregates. Cons derab e space exists between theagore-
gtes and these spaces, or pores, ane filled with serum and
milkfat. Afer the coagulum is cut, individual cord particles
begin toshrink, losing serum in respons: 1os1irring,
heating and acid development . The aggregates come ¢ bser
toget her but donot necessarily fuse. Micelles within the
aggregaies and micelles of ad jacent aggregates begin 1o fuse
anly if the casein molecules are able to rearrange and form
new associations with other casein molecoles. This occurs
a5 the pH of the curd decreases. Concomitantly, there isa
ks in calcium phosphate from the casein and an increase
in 1he hydration of the casein. The presence of bound

calcium phosphate prevents the necessary rearrangement of

the cazsein mokcules. The same thing happens between cund
particles . Individual curd particles alkobegin (o fuse. With
fusion, the casein makeoules ave formed a continuous
network of casein, a condition necessary for sireich. Heating
the cheese, for examp ke during baking ako encourages curd
fusion, but the chemistry of the cheese moust be right for this
o happen. Il the pH drops oo far, the casein molecu les
begin to “disconnect” and reorganioe inte agere gales again.
There is less contact between the aggregates and there fore a
loss in stredch, Similkarly, melt increases as the pH decreases,
thowgh the Now of cheeseat very low pH {4 6) is inhibited.

Milkfai globules are surrounded by these agore gaies bul do
not interact with them. Think of fat as an inert material
betwezn aggregates of casein micelles. 11 does nod fvrm any
part of the casein network but it does influence cheese melt
in a hig way. Individual casein ageregates are small com-
pared 1o the average sizad fat globole. These “giant™ fat
globules break up the continuity of the casein network. The
meore fal ghobules in the cheese, the less dense and further
apart thecasein aggregates are from each other. Thus, thene
are fewer interactions between aggregates. This weakens the
network and resulis in a cheese that melis and streiches
more readily and ata cooler temperature than a lower
chese, Increasing the madsture level of chesse will also
increase melt and stretch, but the mechanism is diferent.
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No melt

No stretch ~—a
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[ncreasing the moisture

content of cheese does no

guaranies an increass in

mell or stretch— ook at

coltage cheese. [ is B waler bud

hasa lowpHand it doesn't stneich at all,
although it is very soft when heated.

Al higher pH (6.6 - 6.7) the main interactions between
casein maolecu les invelve calkiom phosphate. As the pH
decreases, the calcinm phosphate dissolves from the casein
and & reploed by hywdrogen, H+. There is an increass in
malt and stretch as the pHdeoreases. { See Figure 2) How-
ever, if the pH falls too low, the sireich characieristic can be
lost Ao loow pH, the cascins ageregate into large masses bl
there are ton Bw contacts o interactions bet ween the
masses 1o allow stretch. The actual pH at which cheese will
begin tomelt or sireich, or lose sireich, depends on casein
coment and bound calcium phosphate. Cheeses higher in fai
content may require a higher bound caleinm conien
{higher pH) to mainiain stretch and desired mell and vice-
virsa for lower fal cheeses . Bound calcinm phosphaie
comen of cheese is affecied by many faciors, incliding
casein coment of the milk and pH of the milk and cheesse
during chesse manu faciure. Factors influencing calcium
condent of the milk include foeding practices {mome grain =
higher calcivm ), stage of lactation { ke lactation = less
cakcivm ), and animal health {mastitis = less caleiom ).

Melt releases milkfat

Melt is mnportant in the elease of milk f@ from cheess
during baking. If the Now or mel of thecheese & esiricted,
the release of the s also esricted. The FBster and greater
the rate of Nowola cheese, the greater the release of milkfat,
which you can see as oiling-off. When cheese is warmed, the
casein nelwork consiricis. This is due (o an increase in
hydrophobic interactions between the casein molec les,
Water is pushed out of the casein network and there are

vl ind ! O e
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Calcium phosphate

pH - 5.2

Melt """--,‘_

GD"R‘ pH ~ 4.6
QOO0

Reduced melt- no stretch

Figra 2. Melt andd srerch inereases ax piff
decranses— i lil you eacl pif 4.4

“Factors influencing
calcium content of the

milk include feeding
practices, stage of
lactation, and animal
health”
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larger gaps between the casein aggregates. I is much easier
fiow the Fatto “leak™ out. IF cheese is heated in a beaker, sonme
fat will appear on the surface. This is due 1o 1he constrict ion
af the casein, which allows the milk Gt to poolat e surface.
I ihe cheese is stirmed as it is heated . more and more of the
milk Fat will bereleased and pool. The casein network
aciually becomes more or less “fat free” This is exacerbated
in the manufaciure of pasta filata checses { Mozearella) and
in the manufaciure of process cheese. In the case of Mozza-
rella, the pook of fat are nod redistriboted . When baked | the
cheese melis, and the pooled fal & readily released . In the
manu facture of process cheese, phosphates, or other “meki -
ing sahs" and water are added during heating and stirring 1o
make sure that the fat isemukifed and does not pool. In
non-pasia filata cheeses the milkfat is more evenly disirib-
wied, it doesn't pool and there is kss milkat rekeased. To
imcrease the release of milkfatin these cheeses there must
alsobe an increase in the rate and extent of mell compared
ioa pasia flaia cheese.

Heat treating milk—effect on melt and stretch

When ywou heat milk, you incresseihe possibility of an
interaction between casein and whey prodeins. {See Figure
3.0 When heated, the serum projeins open wp, or densaure,
exposing sulfhydril {5H) groups. These groups ane very
reactive with similar groups on K-casein molecu ks near the
surface of the casein micelke. They form covalent 5-5honds

witheach other. Serum profeins may ako react with each
oiher and this aggregaie may react with K-casein. The nei
resu i is a complex of protein that does not react with ot her
casein micelles o form a clol. The clod that does form is
wiealk. This cheese may not melt or stretch when baked
because the 5-5 bonds do not break, IF the serom prodeins
are heated in the absenoe of casein, they alko form aggre-
gates with themselves, When added 1o the milk there is no
cffact on mel or stretch other than the e Mect simila 1o fal
The sdded prodein aggregates acis as a filler, like fat, and
separate the casein ageregaies but they don't react withihe
canein el work. Thus, melt and stretch are not ad verse by
affacied.

Proteolysis—effect on melt and stretch

Sinoe chezse is a network of inerconnecting maolecu les of
casein, the hydrolysis or breaking of bonds within the casein
mealecu ke will increase melt but decrease siretch {racall thai
inact interconnact ing casein is required For streich).
Protoolysis of intact casein moelecules by residual rennet o
by natwrally eccurring protealyiic enzymes in the milk
iplsmin) increases melt or decreases strelch. Protealysis
can be slowed by using less coagulant, or in the case of
Swiss, Parmesan, Romano and Moeearella, higher cook
tempergures of mixer molder temperal ures can inact ivaie
somie of the coagulant. Some coagulants ane mone sensitive
o heat than others. Breakdown of the peptides formed by

Figure 3. Hoar f reating milk
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What about the effects of aging?

the activity of these proieinases has livtke effect on melt or

. ) ) Aging can be thought of & twe distinet bot ofien related
streich. Therefone, since bacterial prodeinases act on these

; ) ) . eviends, First, the “hu ffering™ phase which involves displac-
peplides and nol on inlact casein, the staner proleinases

have very lintle elfect on the melt or stretch of choese, Wild
strains of yeast or bacteria may be active against intaci
casein, however.

ing bound calcium with H+ and the hydration of the
casein. The second phase & protealys s, The Tirst step may
take several days 1o complete and it is the dominani reason
fior the increase in melt and sireich inowvery young cheese.
The loss of calcium phosphate is pH dependent. The lower

Prosten lysis may actually have a more complicaied effect on .
! ¥ o P the pH of the cheese, the faster the hydration and the faster

stretch than melt. Proteolysis lead s toan increase in casein

o . . you'll seechanges in the meh. Calcium phosphate loss also
sodubility and fewer bonds form within the casein network.

o ) ) depends on the pHof the milk @ sei and the pH of the
Theremaining caszin makecule may rearrange, fprming

. . . X cheese at drain. The lower the pH ot each ofhese steps, the
AESOCIANIONE, OF NON- Nlerconnecling agg regales of casein,

) less hspund caleivm.
tha may resullin a loss of siretch { Harry Farrell, personal

O TN W dealion ). - ) )
Proteolysis is show in some cheese, sspecially pasia filata

iy pes, and may nod hawe an effect on mel or sireich for

Protoo ysis is extensivie 4l the surface oM maold or surface .
several woeks . Howewer, proteolysis increases ol a bower

ripenad cheeses, although the proteinases of the micoor-

) o . pH— perhaps because of theinoreased activity of residual
ganiams can only penerate a fow millimeters, Ammonia is

) ) o coagulant and the rearrangement or struciural changes o
released and migrates imo the cheese, which increases ihe

) . . . the casein ag gregates. This increase in the bss of calcium
pHaolthe cheese. There is a concom itant increase in the

phosphate and hydration of casein make the caein more

hydration and solubilization of the casein this increases the .
accessib ke 1o the coagu lant.

melt of the cheese, In addition, you may see protealysis of
casein by residualrenmet and plasmin— the native milk

. Dwring ths discussion of meli and siretch, we've consid-
prodeinase. In Camembert and Blue cheese, due 1o a low

nitialnH af 4.8 them i L cred cheese com position, chemistry and temperatune. The
initia of 4.8, there is nosireich. . .
P struciurethat is both influeneed by all these fmowors and the

mechanizm underlying meli and sireich &, of course, the

caszein net work, Complicated, bot worth the contem plation.

.
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Mechanics of Membrane Processes

A focus on the dairy industry

DIy Keven Sl PR
CORE Whey Applicar ks progiem

From filtering milk 1o sorting whey prodeins,
membrane separation proossses have
incremed throughout the dair y indwstry
during the st 20 years. Beverse osmosis

{ B, nana fhration {NF), uhrafilmtion {UF
and microfliration { MF) ame all processes
that can separate dairy produc s inlo iwo
streams. relentaie and permeste. The
reteniale siream does nol cross the mem-
brane— il is retained. The pearmesate siream
i5 1he one thatl movies, or permeaies, Acns s,
ou can control the composition of the
streams by using different types of Miliration.

Alhough membrane separal ion processes
may sound like discrete entities, the distine-
tions between them are somewhat arbitrary,
In many cases, they eviohviod with expericno:
and time. All ol these separat ion processes
use cross low moem brane filration, that is,
the feed stream Cows parallel to the mem -
brane under pressure. & number of factors
determine polential 1o cross the membrane,
bt the sizeolthe mokcule and size of pores
in the membrane are two ol he more
imporian Boors o consider.

Separation processes

RO membranes generally remowve water. In
the dair y indusiry, they are used 1o conozn-
irate milk or whey, like an evaporator. These
mem branes ae often rated scoording to their
ability 1o reject sodium chloride,

MF membranes usually remove simple,
meaevalent ions like sodium and chloride.
They may bedescribed by the percentage of
sodiom chloride they reject. If you wanted 1o
reduce the mineral content of whey, you
could wae NF membranes 1o remove sod ium
and chloride.

LF membranes ofien areclassiled acoording
1o theeir meodecu bar weight cuted. This term

Malacular
waighl
(dalkans)

100

1,000

Milk —

Componant

Saparation
Process

Hawvarsa osmosis

wiamins

Manafiltration

Micromalars

< 0001

lanic ranga

W

Process

Reverse Oamgats (RO}

Manaf liration (K
:

Operating pressure

Retentate

Permeate
Separation method

200 - 1,200 psig

Al joral solds of soam

Water only

Sibilgy of compound 5o mimic
wrahodml sucire of wahor

deft crmines 3 bilizy o pormcaaie

150 - 400 psig

Tosal solids of sTroam
FTICHEC T | e

Ilonoalon] jons

Difisionand fowdr
comroliod by mass: i
chamdanisics and cf

refers to the smallest modecolar weight compound that can aross the

membrane intothe permeate. In practice, this is a rather loose defini ion.
Shape, charge, and flexibility of a molecu e influeno: whether a mokcule

will cross the membrane. Inperfections in the mem brane also make a
difference. UF membranes remove both lactose and ash from milk Gor

cheese mano Bcture.

MF membranes typically are referred (o by pore sise. The same provisions
given for UF membranes and melecolar weight cotad apply 1o MF mem -
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Theseparating culoffs alsoe are nod
absoluie for membranes. Membranes
10,000 100,000 1.000.000 have a range of pore sizes and the rating
they are given ofien reflects a separation
under very apecific condilions with
ceriain molecules . However, these

lacaburmin bnctoghtain i gobues
e separation characterisiics may not apply

| o : bk 1o your application. Alse, it may be
:I S possible o have compounds with higher
BEA oot makcular weights pass through the
miem brane o, convierse by, com pounds

o sein nesidual cnsoin micedles with loweer mokecu lar weights may ba

| retained .

o TS

[ Many of the componenis in milk overlagp,
Vinsos yeasss, mokds oF are very close, in mokcular weight.

This can make ceriain separations
difficul, il nod innpes sible. For example,
Witratiltration Traditional filtration you can see on the chart that a-lacialbu-
| min and b lactoghksbulin have similar
Microfiltration malacular weighis— which complicaie
separation. They cannot be separated by
membrane sysiems unkess you first usea
.01 0.1 1.0 =100 e hsd 1o akier the appanent sizse of one

slacular ranga Macromaolacular range  Microparticulate of the proteins.
s 100 Wil gl the maost efficient separa-
tigns when there isa large difference in
P Wiraliltration {UF) Microfiltraticn (M F} makcular weight between compounds.
Thesuccesafulapplication of UF 1o dairy

30 180ps=g 20 - 100 psig o ) )
fuids illusirates this. There is a large
acop: far Profeins and it Fai, vary krga profeins and parides diference bet ween the molecu lar wieight
of licioseand salis {ions) and the
Mincrals, MPM and Bdose Lacicse, minoraks and small profeins prodeins found in milk or whey, This
cLgh ponm s Ehhapa, dhange, ficoibily, molecular Siro dotormines abilfy o oo permils a wiycbﬂn 51_"]!d:|.|'.1:|1 e ﬂ_nd'hl‘g‘h
sdfer, difusion wii gh, defterming abify o ooss mamb Ene rales ﬂr]!"-"-l'ﬂ'l'-‘il'll-" ]!l.l'ﬂdllﬂlﬂ.l'l.T]lliﬂ'm
g ——n illusirates the probkem with wsing

membrane systems o separate spocilic
prodeins inmilk or whey.

branes. oo can use microfiliration 1o remowe the residual lipids rom cheese

whey This chart is only a starting point for

_ _ developing membrane processes o
Important considerations dairy based applications. Because of the
Please take a look at the chart and note the overlap in the separation pro- com plicated nature of membrame
cesses, [ is possible for one mano factorer to refier toa membrane witha processing, the hands on approach io
given meolecu by weight cutofT as an UF mem brane while another manu fac- evaluating membranes for your particu-
turer could say a membrane with ihe same characieristics & a MF mem- lar application is s1illthe best whey 1o go.
brane. =
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News fuom CDR

Jm Path launches the Cheese Exchange

Harve wou ever iried 1o look ap Adelest, a Swedish cheese 70k
winntderad what the Turkish cheese, Mihalic looks like? We've all
bzen told that there are hundreds, perhaps thoosand s, of difer-
eni cheeses — now you can it down and kok them ap in one
convenent plce. Jim Path, coordinator of the specially cheese
program has been compiling a cheese database for several years
and the resulis are available. Dobbed the World Cheese Exchange,
knok for Jimk efloris on COR'Ss website ' wwweod rowiscedo .

Jim cautions that he is still working on the Exchange, but that is one
reason why its up for viewing now. Hek still seeking contribut ions— ,.r""f -n,,\
photes plus information about any cheese that he might have missed.

Jim happily credits donations, 50 goahead and contribute. His e-mail
address & jpath Sodrowisc edu

Open House

Spotlight on

- T
CA-

Open House

, April 25, 2000

e 4:00 - 6:00 PM
L ——C— Babcock Hall

i

CDR Spotlights Technologies Affecting the Cheese Business

CDR staff will damanstrate equipgment, show off the application s labaratary,
and answear your quastions Thara is ng sat schaduba, vou will hava the
apportunity to brawse as vau like.

1605 Linden Drive

RSVF by April 18. Use your phone, fax or e-mail.
FPhone: 608 .262.5970
Fax: 608 2621578

E-mail: utten@cdrw isc.edu
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Evescts—Near awdd Fan

International Cheese Technology Exposition
April 25-27, 2000
Dane County Expo Center

M adison, Wisconsin
Sponsored by
Wisconsin Cheese Makers Association and Wisconsin Center for Dairy Hesearch

Seminars and Events
4-25-00

CDR Open House, 4-6 pm

Expo Welcome Reception, 6-8 pm

4-26-00
Global Perspectives on Cheese Technology
Mark Johnson, Moderator

B30 am. “Dairy Ingredients in Cheesemaking: Growing Possibiliiies and Possible Problems™ John Loucey, profess o,
Depar tment ol Food Scienoe, University of Wis consin— Mad ison

QA% am. “Present and Future Technology fr Contralling Flavors During Acoclkeraied Ripening” Robert Lindsay, professor,
Drepar iment o f Food Science, Universit y of Wi consin— Mad ison

QoA aom . GMOS (Genetically Modified Organisms) and Dairy Prodocts” David Carpenter, ¥ P Dairy Systems, Morth
America, Chr Hansen, Ine.

L5 am.” Extended Shelf-life of Sweddod Cheese” Joe Marcy, professor, Virginia Polyiechnic Institute & State University

I L2 am " Dairy Product Safay™ Rob Byrne, WP Regulatory Affairs, Mational Milk Producers Federation

4-27-00, Concurrent Morning Seminars

OSHA'’s Safety Programs and Ergonomics Update

Preferred Suppliers—MNew Buyer and Seller Relationships
]

Dairy Ingredient Science 2000
Jwne 2830, MW Dair y Ingredient Science 2000, Exhibition and Convent ion
Centre, Melbourne, Ausiralia. For more information, tel +61 73854 1611
fasx: +61 7T 3854 1507 email: oeaccom GoZaco0 m.oom.an oF fegister online ai
hitp dfwowwed iaa asn.aufseminard index. him L
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Cundd Clinie

Curd clinic doctor for this D. As part of our new product development, we have started experi-
issue is J2ff Plaff, BK mienting with some creative varieties of process cheese. We like some of
Ladenburg Corporation our prototypes, but we ane have problems with a basic, bui common,
chesemaking issue— crystal formation. Do you have any tips?

Questions for the Curd Clinic? A The for mation of crystals in process cheese s a defect, which can
Wirite 1o: becaused by a varieiy of faciors. The following Faciors influence erystal
CDR, UW Dairy Pipeline development . and even though T've listed them separately it is inpor-
1605 Linden Dr. tant o remember that they and also influence each other.

Mad ison, WI 53706

FAX: G08/262-1 578 Level of emulsifying salts

e-mail: Paulus @odr.wisc edu

Sodivm phosphates and sodivm citrales can form or ystak due ioan
|

aovier dosage of emu kilfying salis. Lower maisture producis can be
capecially sensitive to crysial formation due tothe incressed possibility
of exceeding the sawration peint of some of the emulsilying sals in
the cheese matris. They appear as small white speck s on the surface of

# the cheese. The pH of the finished produc can also influenc: the
: formation of these i ypes of crystals. In general, process cheese with a
#’ higher pHis more likely to devwelop carystals. A pood guick test of
. reformu biied product is oexpose slices tothe air in a cooker. As the air
q - dries oul the surface of the slices it will force ouwtl possible crysial
e ¥ - L formation.

Al hough not as commaon, kw kevels ofemulsifying salis can abko canse
ar ystal developmient. This can be related 1o the types and com binat ions

_"*I . ¥ . of emukilying salis waed.
| &
Cevbeivin d i leosp fevre oyt al Final pH
Phao froan Procesed Cheese The finished product pH can akoinfuence the formation of these
Meanugfoctire, A JOHMAB G e or ystals. In general, process cheese with a higher pH is more likely 1o
BE Ladenbirg develop or ystalks.

High lactose levels

Another type of crystal formation can be caused by lbctose levels tha
are {0 high. These crystak ane normally larger than phosphate or
citrate erystals and are sometimes mistaken for pieces of gliss, Sounces
of lactose in process cheese forma lations include young chozse, whey
and milk powders, Storageiemperatune, cook temperatune and types of
ol her ingredient s present can allinMuenoe the formation of lactess

or yatals A good rule of thumb is net teexoead 14 % lactose in the

waler phase,
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" If you want a good quick
test, expose slices of
reform ulated product to the
air in a cooler. As the air
dries out the surface of the
slices, it will force possible
crystal formation.”

e

Aged cheese

Athird type of crystal in process cheese & causod by the use of very
aged checsein the blend that already has a precipitation ofi yrosine.
Tyrosine is released from proteins and peptides doring poot eolysis by
lactobacilli.

IT you weand @ good quick test expose slices of reformulated produoct io
the airin a conler. As the air dries out the surface of the slices, it will
fowoe possible or ystal formoation. Most crystal problems can be identi-
fied undéer a microscope and confirmed by analytical westing . Checking
levels and, often, recaloo lating the emu Bifier and lactose levels in your

Please helpus keep our mailing list corrent!
Simgply phone, Fax or e-mail the information
rguested b low to:

formu lation will help vou sohe the problem. The Dairy Fipeline
Center for Dairy Research
Solving the problem 1605 Linden Dr.

Madison, Wl 53706

Mosi or ystal problems can be identified under a microsoope and phone: 608/ 262-8015

conlir med by analytical testing. Recaleulation of the emulsifer and fax- GOR/2E2-1578
lactose kevels in the formoolation will normally point 1o the solution io i '
the problem. &% Name

Company

Calendan, eontinued from back page Strest Address

Sept . 27-28 Dairy, Food and Environmental Health Sy mposiom.
cosponsened by Wisconsin Association o f Milk and Food Sanitarians, City
W Association of Dairy Plant Field Reps, and W1 Env ironmental

Healh Assn., Green Bay, W1, For moere information, call George Melson State
at{ 715 232-0a0.

Zip
Ot 1620 Wisconsin Cheese Technobogy Short Course . Madison, WL
Call Bill Wendor Fan {6&0H) 263-201 5. Country
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Calendan

Apcil 1 1-14, 206, Basic Cheesemakers License Short Course,
LW-River Falls. For info, call {715 ) 425-3702.

May 2-3 Whey and Whey Thiliest ion Shor 0 Course, Madison, WL Call Bill
Wiz nd oo T at {G0E) 263-2015 or K1 Burringion ai {60 ) 265-9297,

May 17- 18 Applied Dairy Chemistry Short Course, Madison, W1 Call
Bill Wendor T at {60H) 263-2015.

June &7 Wisconsin Cheese Grading Shon Cowrse. Madison, WL Call Bill
Wiz oo Tt 0 263-20015.

June 10-14 1FT Annual Meeting, Dallas, TX. For information eall IFT,
T THG-A 120

June 2] Food Safety Workshop for Manw fact urers of Bead y-to- Est
Producis. Madison, W1, Sponsored by W1 Asan . of Milk £ Feod Sanitar-
ans. For further information, call Meil Yassan at {G08) 833-6181.

July 24-28 American Dairy Science Associaion Annual Meeting,
sponsored by American Dairy Science Asan. Baliimore, MDD For more
information call ADSA {217 356-3 [

Aug. [0-13 American Cheese Sociely Annual Meeting. Rohnert Park, CA
For in b, call {262) T28- 4458,

Aag. 2 1-24 Milk Pasteurization and Process Cont rol School. Mad ison,
WL Call Bob Bradley a { G0OH) 263-2007 for information, or the CALS
Ouireach Services {G0H) 263- [6T2 1o register.

ol d an postimand om page |

Wisconsin Center for Dairy Research
Universily of Wisconsin-M adison
CDR 1605 Linden Drive

Madizon, Wisconsn 53706-1565
I ——
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