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C Introductlon.

' Fortification of milk for cheese mak:mg with nonfat mﬂk solids in the form of nonfat dry

\ - milk or condensed skim has become common practice in the manufacture of barrel Cheddar, -

current Cheddar varieties, and non-aged Italian cheese varieties.. There are several reasons why .
~ fortification of fresh raw milk makes good sense from a management perspective. - First,
~ fortification increases the total weight of cheese produced per vat and per hour of labor. Second,
consistency of final cheese composition, flavor, and ﬁmctlonahty can be’ miproved by using a
consistent standardized milk. composmon every day of the year. By usmg a fortification strategy
that eliminates seasonal variation in milk composition and the ratio- of casein to fat, the
consistency of cheese composition (i.e., molsture, fat, and salt) can be nnproved “Third, the use ,
- of nonfat milk powders provides the cheese maker with the opportunity to purchase milk protem
and other milk solids at a specified price. and allows the stomge of these nonfat milk solids. If

; powder prices are more stable than raw milk and. skim milk prices; then nonfat milk powder can

- be used to reduce the 1mpact of the short term. volatlhty in- fresh milk price. - Given all these
- advantages, there are some precautxons that must be noted. The use of too ‘much milk powder or
. poor quality milk powder can cause quahty defects o

\ In the future, many addmonal hquxd and powdered milk denved mgred:ent choices will
~ become available. Currently, liquid milk protein concentrates pmduced by ultrafiltration of fresh

milk are available and can be desirable ingredients for, cheese making. In: addition, dry milk
,grotem concentrates produced by ultrafiltration of skim milk are a possﬂ)ﬂny Native milk

 casein concentrates (made by microfiltration of skim nnlk) in both liquid and powder form are
not currently available but as the technology develops and when the economics are favorable,
these products will appear in the market place. _Non-native casein isolates (i.e., sodium
caseinate, calcium caseinate, rennet casein) are dried products currently i in. the market place that

"may or may not allowed ingredients for cheese manufacture in different markets (i.e., countries).
Finally, the most challenging milk derived ingredients will be dry blends. of all of the products
mentioned above. . Provided with thls vast array of potential- ingredients that differ in
composition, functmnahty, and ' price, the cheese maker faces a daunting formulation
optimization challenge that has both economic and product quahty consxderatmns These issues
will be discussed. /

Milk Powders and Condensed Skim Milk:

Productivity. The extensive use of nonfat dry milk powder as a an ingredient for cheese



manufacture in the Umted States (Mllk Facts, 1999) is testxmony to the econom:c and product a
* composition advantages of using milk fortification strategies for cheese manufacture.. This has ~
been a learning process for the US cheese industry, but it prov1des a window to the future both in . -

“terms of technological develupment and economic trends in large scale. commodxty cheese
- manufacture. Increasing the milk solids concentration per vat, increases the amount of cheese
produced per vat. Thus, many of the fixed costs (particularly labor; equipment, and physical

facility) of cheese makmg and whey Pprocessing are spread over more total welght of cheese and’
whey product. The fixed costs in the quality assurance laboratory” that are usually darectly related
to the number ‘of vats of cheese’ ‘produced are also spread across more t@tal wexght of cheese ~
when the amount of cheese produced per vat is mcreased R : L
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~ Use of privTiE dry _y uum Or buuucwmu smm 'mm( solids also unproves me pmaucuwry and
efficiency of the whey product. manufactuﬂng plant. Again more whey product is produced per
hour and per day of labor cost with the same equipment cost ‘This is pamaularly true for a

cheese manufactunng plant producing whele whey products versus. whey protem concentrates or

“isolates. In the case of a whey protem ‘concentrate or, a- whey protein 1solate facmty, the
-economics of handhng permeate and lactcse in the factory will determine if advantages or

disadvantages will occur ‘on the whey: processing portion- of the cheese busmess as a result of o
 fortification of cheese milk with nonfat dry milk powder. “If a cheese plant that is producing -~ -
whey . protein concentrates is breakmg even. or 'losing- money on penneaw and Iactose, thent -

fortification of cheese 'milk protein concentrates instead of nonfat dry mﬂk ‘may ‘bé a more.. -
 attractive fortification altematxve from an economic pomt of view. “This approach ‘would -

increase the amount of cheese and WPC pxoduced without 1 mcreasmg permeate productlon by the S

samepropomon A T T .

Composmon, Functmnallty, and Flavor Consxstency When milk- sohds fomﬁcatlon -

- strategies are initiated in a cheese factory, it prov:des an opportumty to ccmbme the advamages e

of fortification with the advantages of the use. of consistent standardized milk: composmon On- -
line milk analysxs .systems for control’ ‘of protein to' fat or casein to ‘fat ratio’ prow&e an

opportunity to improve the consmstency of product composition (i.e., fat on dry basis, moisture, -

and salt). . Cheese buyers usually specxi:v a range of. acceptable “product. composition.

Maximizing cheese moisture content, control of fat on a dry basis and salt level while meeting "l y

the customer’s specifications allows. the cheese maker to maxumze profitablhty ‘Linear and -

- combined linear/nonlinear mathematical optimization models can be very useful in selectmg the
proper blend of milk derived 1ngred1ents, cheese and whey product cempemtmn targets and

product production targets to maxmm:e proﬁtab:hty o e ,

Reducmg anatlhty of Total Ml!k Ingredient Costs. Generally, the volaullty of nonfat
dry m11k price is much less than the price volatility of the skim portion of fresh whole milk under
the current USDA Federal Milk Market Orders. At times the value of skim as nionfat dry milk is
- less expensive than the same solids in fresh milk and visa versa. Thus, not only the decision to
fortify but the amount of fortification needs to be con31dered carefully, Volatility can also be
reduced by increasing and decreasing the propomon of fresh and- dry mﬂk solids solids used
with constant total standardized milk composmon in the cheese vats. ‘The strategy selected for
reconstitution of nonfat dry milk powder becomes 1mpcn'tant for changing the ‘ratio of fresh
versus dried skim milk solids and this will be discussed in more detail later. ~



Precautmns in Usmg Nonfat Mﬂk Powders. Th&re are several te;:hmcal conmderatmns

g ] *mﬂk it was. produced from, and 4) the solubility of the powder. " Items 1, 2, and 3 are -

- ‘characteristics that cheese makers measure -and contml in' their. fresh milk supply and these
" ‘factors are eauallv important for the mmhtv of milk ‘based nnmﬂmm; 1°ng‘|~nﬂ~l

“far oha -
vuxvuw l.Ul Ulivoac

o making, If the milk that the powder was made from was. hxgh somatxc cell count, then a portlon\

- “when using nonfat milk powders for cheese makmg The foliowmg quality., attributes of nonfat . .
dry milk are important: 1) the somatic cell count of the original milk before drying, 2) the = -
. amount of heat denaturation of whey protein, 3) the: bactem{ﬁgical quahty of the powder and the .

.".of the casein in the nonfat dry milk powder will be enzymatwally damagcd and will be lostinthe - - =

~of whey proteins by controlling the ‘heat exposure in the pasteunzatlon process.  Excessive heat

\denamratlon on the total ﬁnanmal rewrn on cheese plus whey products needs o be cons1dered

counts, of the milk prior to drying, will cause. damage to milk casein and hzgher loss of casein

. whey. In processing fresh raw milk, the cheese maker controls the amount of ‘heat denaturation o

- . denaturation of whey proteins will cause yield loss due to weak coagulation and ‘higher loss of fat. -~ ..

. ‘ana fines in the whey. ‘However, some heat denatuxanﬂn 01 ‘whey protein can be desirable = -
because it provides some cheese yield enhancement due ‘to retention of whey ‘protein. iy the - IR

- cheese, but at the same time it will decrease’ the yleld of ‘the whey protein. by-product, “The -+ DR

* higher the value of the ‘whey product being pmduced and the lower the va,lue of the cheese, the ©

~ . more carefully the cheese maker should consider this- point. . Thus, th¢ net - unpact of heat s

‘ , The bactenolog:cal quahty of tha mﬂk: used for mﬂk powder pmﬂucnon has the same
! 1mpacts as cheese yleld as the. bactenol{oglcal quahty of raw milk: ngh psychrotrophic bacteria -~ -

into the whey. Low powder solubility will lead to- yield. Toss and wﬂl cause physical quality = -

" .. defects in the cheese. Unfortunately, the ana}yncal methods to measure the quality attributes of
{"mﬂk powder for cheese making are not. as well. develeped as those for raw milk.” Often- the -
. cheese maker does not glve much consxderanon to these issues. when purchasing nonfat milk

o powders.. Another point’ is the protem and casein content of the ‘milk powder. - Just as the -
. concentration of protein and casein in raw milk i is- 1mportant for. chease, 0 is the protein and-

- casein | content of ‘the nonfat dry mﬂk powder. Better quahty assurance methods for
.- measurement of protein and casein. content, enzymatm damage to casem, and degree of heat /
L denaturatmn in mﬂk powders are needed Lo e |

- Reconstntutmn Decisions - Water or . Sklm Mﬂk" Generaﬂy, two dlfferent \
* . . reconstitution media can be used for nonfat dry rmlk water and skxm milk. Both approaches are
~ used in the industry. Once the reconstxtutwn media i is salected, then the desxred level (1 e.; solids
content) for . reconstitution needs to: be. deterxmned The level - (i. e*, percent solids) -.of -
reconstitution, in water or skim milk, should be decided- based on the economic evaluation of the
alternative condensed skim milk avaﬂable Usu.ally this wxll result ina ccmclusmn, based on the.
. economics, that the total solids content of the on-site produced reconstituted “condensed” milk
. should be made at the same total solids ccmccntratlon (e.g; 33% sahds) as the competing -
. condensed skim ‘milk resource. If the reconstitution is done at lower percent solids, then the
locally available condensed sknn milk may ‘be a more attractive from a maximization of net
" revenue point of view. Finally, a decision needs to be made with, respect to the total amount of
the skim sohds in the vat that should be supphed from nonfat dry milk and from fresh milk,




- replacement with dry milk solids i is. desired, then probably reconstitution. in kxm mﬂk or evel m :

‘mﬂk solids fortlﬁcatlon strategy makes economm sense, then usually :the;
- cheese quality, the first problem i is usually retention of too much" lactose anzd/

,producmg nonstarter bactena

_ another. However, in general the ‘equipment in cheese factories is des1gned for a-certain’ capamt&
‘in welght of cheese per hour with an: abxhty to run about 10 to 20 pereent hlghe (

fortification strategies. To push the limits of fortification strategres and eeomzmmca}ly’i viable

Also a soft water supply that does not heve off- ﬂavors is mportant. When sknn mﬂk 1s ueed

 the reconstitution of nonfat milk powder, there is a need to separate whole milk to, produce fresh.

skim so it can be used as a reconstltunon ‘media. Ifa relatively Icw Ievel £ total sk;lm

whole milk makes the most sense. However, if the pnce of” fresh sk;m mlﬁc 13 mueh fgh e
the equlvalent milk casein as nonfat dry. milk, then. usmg water for: reconsmutlon ‘much more. e
desirable. - This will allow the replacement of a larger portmn of ﬁ'esfh Sklm mﬂk with dry’ ykmi
solids, assuming that fresh cream is- avallable at an appropnate price to ach1 eve the desi asein . -

& #ha ah
to fat ratio needed to achmve the fat en a i“y baszs *m“ge; int the vu%""“m"

fomﬁcatlon to the hlghest possﬂ)Ie levei

milk solids level that cheese manufaemnng equxpment can physxeaﬁy handl"

cheese. While some increased retention- of -these components will. yromd:e \'«eeonomlea y.
atfractive increase in cheese . yield. efﬁ;czency, too much retention ‘can’ tesult.in. off-fla
excessive acidity, calcium crystalhzatmn m the cheese, or stxmulatwn ef ‘the-

The curd handhng capacxty of the cheese making. eqmpmen;t wﬂl vary ; :&om one factmy

increase in production per day presents a limit to achievement of the full économ

formulation possibilities in the future, cheese’ ‘making. systems will, need- 10 be demgned tow

routinely with highly fomﬁed .standardized milk. This presents an opportunity. for new. des1g11
of cheese makmg equipment that. are ‘optimized to allow the - cheese maker achxeve »'Iaruger\ :
economic benef ts of rmlk standardlzatwn strategles " SRR -

Reconstxtutmn DECIS!ORS Pmpomon of Fresh Versus Dry Nonfat Mllk Solids. o

Generally, a cheese maker must contract for a quantity fresh milk supply for. a ﬁxed penod txme i o
- to ensure a milk supply for cheese makmg At the same txme the cheese maker ‘wants to be a’ble 2 ;-

to respond to both short and-long term opportunities: to manufacture. and market increased
quantities of cheese.” These quantities of cheese may exceed the short or Iong term. avaﬂabﬂlty of

the local supply of fresh milk in the vicinity of the cheese manufactunng factory. “For this'reason . =
a base-line milk fortification strategy should be used by every cheese maker pxoducmg barrel -
Cheddar, current Cheddar varieties, and most Italian cheese varieties. \This strategy should
include a target total nonfat milk sohds fortification lével that is used .every day. of cheese .=
manufacture, regardless of the preportmn of fresh versus dry nonfat milk sohds used Thxs wﬂl



o help tne cheese maker achieve consistent cheese quahty and composmon, when the ratlo of fresh -
- versus dry nonfat milk solids is. changed Therefore,’ ‘when. the need to rapidly increase or.
L decrease the production of cheese occurs due to changes in: the- shert: term cheese market, the -
- proportion of dry nonfat milk solids to fresh nonfat dry milk sohds ‘can be mcreased or decreased -
.~ without changing the composition of the standardized milk used for cheese making. This allows
1. continuous utilization-of the contracted fresh milk supply, while using nonfat dry milk powder.

< .. and cream to balance surges in demand for mcreased cheese productton Thxs strategy is highly -
“ " dependent on availability ‘and price of milk fat as fresh’ cream. In the futire, development and -

AVpALIviLE . Gl

avaﬂabxhty of altematlve coneentrated mﬂk fat mgredlents wvuid provxde cheese ‘makers with -
: other ingredient alterhatives. - To achieve the maximum . advantage of ‘being- able to rapidly

~m11k) should be used to reconstitute nonfat dry 1 mllk. This point sheuld be one of the key factors

" in the decision of usmg Water versus skim milk as the hqmd for use in reconstitution of nonfat -
| dry milk solids.” The Key to. Dcmg ame o, seamtesmy cnange tﬂe propomon of tresh to dry

nonfat dry m11k sohds quahty need nnprovement

.: Future A Larger Range of Ingredlent Chmc

, In the future many ‘new 11qu1d and dry mgredlents for cheese makmg may become
-~ available. Use of many of these mgredlents in the manufachire of natural ¢heeses with a~
" Standard of - Identity will be slower than in other cheese varieties, because some of these

- ingredients may not be allowed within the: scope of current Standards of ’Ideﬁtxty in the US. The
* . nomenclature and definition of niany of these liquid. and dry mgredzeuts is not standardized
.- currently. .In general, the term milk protein concentrates is used much :more broadly in the-

 industry today than the definition that I will use in this paper. Hewever, my deﬁmtlons are for

4 mgredlenta»

i " Milk Protein Concentrates., Fresh hquld full-fiat, faw. mﬂk pxotem concentrates have
" become available in ‘the market place in the US. These are. produced by ‘cold ultrafiltration of
L ‘i,raw whole milk at a farm or by ultraﬁltratlon of raw or- pasteunzed whole or skxm milk ata
. processing plant ‘Usually, these concentrates are prodnced at'about 3 to 3.5X concentratlon'
" . factor. these materials allow the more efficient transportation of the highest valie components of
" raw milk to distant points for utlhzatlon as ﬁesh mgredtents In recent times, these concentrates
’ - have been shxpped from the southwest region of the US to as far away as. the northeast region of
; the US for use in cheese maklng These fresh products of ultraﬁltratxon ‘can also be dried, if
- ;,there is a market demand for these dry mgredxents o

~ Fresh and dry milk. protein. concentrates offer some advantages over condensed skim and
-nonfat dry milk. When ‘milk protein concentrates are used, instead of nonfat dry milk or
- condensed skim, the cheese maker can fortify to hlgher concentrations of casein plus fat in
“cheese vat before there is a problem with excessive level of Tactose retamed in the cheese.
Adjustments to the cheese making procedure to control the final concentration of calcium in the
cheesé may be needed to avoid calcium crystallization or other functionality defects in the

‘:emcrease the. proportion of' nonfat milk selids prowded by nonfat “dry milk, water (not fresh skim - r

" nonfat dry milk solids is  the control of both the quality of raw milk and the quality of nonfat dry g o ;‘ :
»milk solids, so that they are on a par w1th each othef Metheds gfor evaluatton and eontml of S

- .. the purpose of clear commumcatxon of the 1ssues surroundmg the potential use of these dlfferent T



cheese. In addition, more whey protein will be retamed in: the cheese, pamculaxly when levels of

fortification become very high. - This may enhance cheese yield, but it may have a negative

- impact on flavor development and functional properties of cheese. Also, whey proteln product ‘
_ yxeld wﬂl be decreased if whey proteins are retained i in the cheese :

The economic impact of using milk protein. concentrates on the whey product portion of
the business has to be considered. If the cheese factory is makmg ‘whey powder then yield of -
whey powder per unit of cheese will not increase in a direct relationship to the increase in cheese

- yield, as it does when using condensed or nonfat. dry milk to fortify. The yield of whey powder
", per unit of cheese will decrease.  The composition of the whey powder will also change, with
“the whey powder containing more protein as a percentage of solids. The- ‘whey powder yield will

increase but not as fast as it would when using nonfat dry milk to fortify. This will represent a -
lost opportunity for the cheese maker, if the cheese maker was makmg a proﬁt on sales of whey \

powder. . Thus, the ¢ composition of the whey powder will vary wu.u the level of Iomncauon with

mﬂk protem concentrate This would be undesxrable

L If the cheese factory is. manufactu.nng 34% whey protem concemrate (WPC) or any other

* whey protein concentrate product, the use of milk protein concentrates to fomfy the cheese mﬁk

will not change the WPC compcsmon (i.e., protein contenx) because ‘the WPC composition can -
be controlled independently in the whey ultraﬁltratmn process, however the yield of WPC. will -
increase in a direct relationship on a percentage basis w1th increase’in cheese yield. At the same

" . time, the amount of whey permeate solids will not increase at as rapld rate as cheese and WPC
- yield. This may be an advantage for a. cheese factory purchasmg milk protem concentrate, if
. they are only breakmg even or losing money on whey permeate sohds \

 Native Mllk Casem Concentrates. ~ 1 deﬁne these matenals as mﬂk derived ingredients

that are produced by microfiltration of skxm milk and used as a fresh liquid casein concentrate or
 dried as a dry powder of native milk casein. No non-milk derived mgredxents have been added

in the preparation of these hqmd or dry concentrates ‘The avaxlabﬁlty of these ingredients for

_cheese making may be driven more by processors outside of the cheese ‘manufacturing industry.

These processors may fractionate milk. proteins to harvest milk serum proteins for use as food

* ingredients and sell the native milk casein concentrates (in a hqmd or: powder form) as an

ingredient for cheese making or other for other food formulation. mgrechent uses. Ultimately,

' there may be food ingredient markets for: md1v1dual types of mllk caseins {1 e., ¥s-casein, e -
‘ casem, or Z-c:asem) ' : .

The use of natlve mxlk caseln concentxates in ccmbmatlen with fresh milk will prov:de

the cheese maker with another fortification strategy. . Fresh and dry milk native milk casein

concentrates offer some advantages over condensed sklm, nonfat dry milk, and milk protein
concentrates for fortification. When native milk casein ccncentrates are used, the cheese maker

- can fortify to higher concentrations of casein plus fat i in’ cheese vat before there is a problem of

retammg too much lactose or whey protein in the cheese. Issues of retammg too much calcium -
in the cheese will be sunﬂar to when milk protein concentrates are used. ' As with fortification
with milk protein concentrates, adjustments to the cheese making procedme to control the final
concentration of calcium in the cheese may be needed to avoid caletum crystalhzatlon defects in
the cheese. :



_ The  ecomomic . 1mpact ef fomﬁcatmn of cheese mllks usmg natlve mﬂk casem A
: concentrates on the whey product portion. of the business is. very different from the 1mpact of " .
fortification using milk protem concentrates.  If the cheese factory 1is makmg whey powder, then- -~ -
yield of whey powder per unit of cheese will decrease, but the composition of the whey powder o

will not change. 'If the cheese manufacturer is making WPC, the yield of WPC per. unit-of -
cheese made will decrease If the cheese maker is buying native milk casein concentrate, then

unart Of ﬂl& mﬂk sohds (1 e ]acfme and whpv nrnfmn\ nnfmaﬁv nnﬂm«fmﬂ “'} “,x'rh@y han um’u\; -

removed.. If the cheese maker uses mlcrcﬁltratmn of skml in the cheese factory prior to cheese

g makmg instead of buymg native milk casein concentrate, then the cheese maker would producea - -
new co-product (milk serum ‘protein. concentrate, SPC), in' addition ‘to cheese and the whey
_ product being produced prior to.the use of this ingredient fomﬁcatmn strategy. ' Presumably this
new co-pmduct (SPC) will have : a Iugher value than WPC (due to the absence of contaminants o
- normally present in whey such as comr, Dleacnmg ~agents, caagulam; and. starter - -culture: B

~ enzymes) and will represent a pctenual new. revenue. stream for the cheese: faetory,V The- SPC
~may be an attractive ingredient in formulated foods where Kosher and eﬂler eemﬁcatmns are

requlred ‘This would be. desxrable for the cheese maker.

- Ifthe cheese factoxy is manufactunng 34% whey protem eoncenuate‘(’WPC) or any other E

- whey protem concentrate product, the use of native milk casein concentrate to fortify the cheese s
- milk will not change the WPC" composxtlon (i.e., protein content) because the WPC: composmons;@ AN

can be controlled mdependently in the whey ultrafiltration. process, however: the yield of WPC

will decrease in a inverse relatmnshlp with: the.increase in yield of SPC, if the microfiltration is- - e
“done in the cheese factory. If the factery is just purchasmg native milk easem concentrate, \

the yield of WPC and permeate solids per unit of cheese will decrease. ; The total amouh ‘of

permeate solids will remain constant if the m1croﬁ1trat10n of eklm mﬂk is used w1th1n ’rhe cheese If; E

plant to pxoduce nauve m11k casem concentrate

Ultxmately, the use of natwe mﬂk casem concentrate- cpens the deor te contmuous cheese A
- making - without cheese vats, usmg similar strategies to those that. were. attempted with'milk* .
ultrafiltration. This approach using ul’traﬁliratlon was not successful for Mozzarella and Cheddar ™~ =

 cheeses in the US because the retention of whey proteins caused large changes in functionality =~

" and flavor deveiopment Use of mwmﬁltratlon has a hlgher probablhty of technical success

(because the process does not mcrease the amount of whey protems}, if the economlcs are nght

Isolated Casem. I deﬁne 1solated casem as sodmm, calcmm, er re;met casemate These
are typlcally prepared by acid or rennet- preczpltatlon of casein.from skim. milk- followed by a
process to improve solubility. These dry isolated casein products are not manufactured currently )

in the US and are not allowed as mgred&ents in cheeses made in the US that have a standard of =

identity. Some other countries allow the use of isolated casein as an- ;ingredient in cheese
making. The proposed CODEX cheese’ standards would allow the use. of any milk. denved :
ingredients, which would include isolated casein. There is not much experience in the US with

these products as ingredients. The efﬁmency of recovery of these forms of casein and their

impact on cheese: functlonahty and flavor is not well charactenzed for major cheeses of the US
market. : ‘ :




: Dry Blends of leferent Mllk Denved Ingredients ;;:;An almost mﬁmte range of -

PR products can be produced by. dry blendmg various milk and whey danved ingredients. - At the

present time there are powders that are identified as milk protein concentrates 40 to-80% protein -
.. that are blends of nonfat dry milk powder, 1solated casein, and/or ’Whey powder or WPC. These -

‘ are not included in my definition of milk protem concentrate as 1. use’ the term in this .

: presentauon A systemanc approach for c:lassxﬁcatxon and analvszs of these mroducts is needed..

o Deeclsmn ‘Making Prqcess.‘ szen the w1de range of xm]k derrved mgrcdxents and costs
o of these materials plus the pnce and avaﬂablhty of fresh milk, ‘the process of optumzatxon of N
* .. ingredient selection to maximize: ~profitability of the: cheeSe plus ‘whey production process has

- differently hPf\XIPM (‘]’19999 and 1\‘7_.1'\1'1\3111’4-0 © i mwaalan. tha seacacs  wf mola

. become more complex. Different milk dérived ingredients with different: cnmposmon partxtxon RIS o

o ARLICICHLY OCUWeClh CACCsC and u_y'yxvuu\/m XIS IHARLS ;UG leUUQ‘Db »1 uaxbﬁmuun Ul U.'lﬁ P

o /product productlon a much more complex task, At ttmes the decision of the optimal fortification. -

.~ cheese production. Some of the mathemat:cal reIatxonshlps in’ this optimization problem are. \

approaches to ﬁnd the optnmal solntlon

Equlpment- Dn‘ectmns for the Future. CIn general 1t has always been clear that% !

.+ amount of cheese to be produced per unit volume of standardized milk.’ The' availability of both

~ liquid and dry concentrates of milk protein and/or casein and fat’ ‘have provided mgredlents for

* the cheese maker that will increase productivity and spread fixed cheese and. whey product

* 5 manufacturing costs across more cheese and whey product. ‘When the economics are favorable
" to utilize fortification strategies that provide much higher yields of cheese. per unit volume of

- standardized milk, the current design of conventmnal chease makmg equlpment ‘becomes a.

o optimal mix of ingredients at any point in time that will 1 ‘maximize: profitability cheese plus whey . -~ SN
. strategy to maximize profitability can be driven by the- whey product prodiction instead of the . \,, - )

© nonlinear will require future models . tci use a combmamn of Imca;r and . ncnlmear solver‘ |

mcreasmg the concentration of casein and fat in milk used for cheese making will allow a higher

limitation. At the present time the cheese manufacmnng ;ndustly is not"be ready to nnplement -

o ~ continuous cheese making from microfiltered milk, However; over. the next decade a design of =

- varieties from higher concentrations of casein plus fat fortification will be attractive. -As the -
~ . consumption of these types of cheeses grows in developmg markets in other regions of the work,
* this type of equipment may be ideally suited for the cheese maker that desires to. produce and
. market cheese in another- ‘country were concentrated (hqmd and dry) milk derived ingredients -
© . may be provided from a vanety of Iocal and remote sources dependmg on quahty, avallablhty,
; 'and cost S ; « .

Summary.

The technology for manufacture of tradxtzonal mass»pméuced cheeses such Cheddar

. cheese for processing, short-hold vanetles of Cheddar, Mozzanslla, and some -other Italian cheese
. varieties will continue to change to’ achieve cost more efficient ‘manufacture.  The trend to
* control the composition of standardized milk and to use a mixture of milk mgredlents that has the
“highest sum of casein plus fat (i.e., yield) ‘will continue and will be driven by the desire to reduce
cheese manufacturing costs. As a result, development of cheese and whey manufacturing
equipment to accommodate higher concentrations of casein plus fat will coxxtmue The need for

cheese making equipment that would allow the productxon of - Mozzatelia or Cheddar cheese -



more advanced mgredxent opnmxzatxon software for deczszon makmg m mgredxent selection a
selection of optlmal uuhzatlon levels to maximize proﬁtablhty of cheese’ and: whey. p
together will increase. - Better analytical methods to rapid measure: both the composmon
quality of liquid and dry -milk derived- ingredients and to” control, in x;eal—txme the -proc
blending milk derived ingredients to- achieve the target cheese ccsmposxtmn will beﬂne’ede(l
Starter culture technology or a’ combmatlon of innovative- methods of . direc

combined with starter culture and enzymes will need to keep pace w:th the ’éhangm eds 0!
. developments m cheese manufacmnng technology IR ,




