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Preseure angd Temporatura During Vacuum Treatmeni
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REITRACT

Prassure  and  (empersture dunng
woce i wendmend g B kFa ol ahsidule
pressrs were determiozd ol the semier
and sides of 290-kp bklocks o seomed-
eurd Chedder chesse o chainless sleel
hinrps thar had ar had not heen pressed &l
T4 ks uf swrlacc presswoe poior Lo
vacyum irealment, Fressime and lempoea-
ture in the weeuurm chamber nlio were
determised. Pregsure ot the center ol
hlocks thar had not becn preased
decrcased 0 Ao averaze ot 1LY kFaad
alwnlute prossure, and the pressare ul the
cemter of bBlocks rhar had heen pressed
decreaved Lo un averagde o 170 kFa of
absolore pressurs during vatuum breid
mant.  Tewpordlee at the center of
blecks thei & ol keen  prossed
deoreased bor nn wverge o B0, and
the (cmperaiuce g8 the cootey ol blocks
that had heen proscd decreased b on
wverpre of 3870 during vaoman e
mend. W concluded thin pressung, hlocks
prior 0 vamumn treatment compressed
curd. which cocatcad a bamics o mopdd o
inel whes ewacwarian fopm blecks durina
veguum Irzubment. Rnbeapped ait and
u,-']p::.' MRy IOETT-A%E mechianical LT AR
ard may contribute Lo umeven oesnre
direriburing in blncks aof chesee.
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IHNTRCHICTION

Veruwen oemimens ol chesse neloee. v
sine of mecbznical opepimgs in cheese hlocks
aml therehy produwces & suooth, clossly ces-
gredd cheese. Cealak ol al. (I pooposed thil
temowval of air by wazuom treatmcnt belped o
mduge |he wie al mechaniczl openings o
Cheddar chesse, Lrvioe and Romett [ chaoghe
that whey brioe pockss rappedl I woen cond
s faces cAORed wechenicy: opennessy, Poce cl
al. (4% ard Tviee and Bamett ¢330 Found Lhi
medsiure wias raoved from choess blewks
more eflzctively by peessing plus vacuum
treating curd thn by pressing alnbe. Kobertsen
(%Y, Crulak el al. 1y, aod Irvine and Buimed
(3 eceomimended vatuum meatmen of curl
bt M applicauon of pressers 10 aslp e el
mechanxal opcisess in Cheddar chesse, Sean
(10 proposed Mar oo vapid applicarion of
pressuts o cmd coeald enmpress che surae
layer on blewks and lock moisture into pockets
in the body ol the cheese. Kesthold and Em-
siremn (5% Towmld that 2930-kx hhehs of sticred-
cerd Cheddar chesse in stunless sieck Tioaps
released 25% mows ohoy when pressing belure
vawaar [Heariykeat was climinated.

Geurs 1) soncloded that cpseenness al
manshme o hsimbunay 0 Gooda cheess ine
crensed with increasing meisture content of
checse. Beintild and Crostromm 6] foied oo
napeval af cress moistore betore coaling of
I)-kg Blocks ol stered-curd Chedder chesese
in stnioless stezl honps prduced cheese wita
hware cuven maisture disiribohaon.

The purpose af this study was e eealiare
el Auring vacimin eatment by absecving
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(heddor cheesz Riocke diring TNZTam Trsineni

preseioe amed emperaturz chanpes in 200-ke
blocks of sorred-curd Chedder cheese that hat
ur el ol fesen pregsed belome sacnonn -
menl. Better wodemstending of yvacuum Lewt-
rnent would aid cthe cheese maker in praducing
e e e el fems e ] mcaistue dlisbri-
butioo.

MATERIALS ANMD METHODS

Choeae was manofacmred st Cache Yollew
M2y Association, Scnithfudd, T, Curd was
produced in douhle O vius (Mamegw Oy, Tund
du Laz, W1k Fom 22,727 kg of milk, dmined,
saleed oo enelosed finishing fablee, and then
awrcunveyed Lo 2ainless sweel hoops (749 om
high = 711 em leng < 554 cm osade) Refors
stainlegs sbeel hoops wiere Miled. tennis sTing
wits  Arawn acrss the heop interior and
laslened Lo skeel brackes exiemnding aarss Irier
hobs ar the boop sides. Scresoed plastic bulbs
vomngoel o gl plastic Wwvog and zopper-
comalenton thermeeoupes were secured o the
eanis Stickg in e center and at the side of the
boop  The seTesn :_:-ml-e:l:lﬂ] the [INEsbure.
selsing kb from the somoeending chesse
Liae:h ewop wes Tilled wirhe 227 %p af cord ar
F2'C. Ambient ropm HEmMpETHIGEE WAS HPECUEI-
onmely 2270, Afwer filling. she screcned balh
wis 2.5 o JTurn the sile uf the biosp, Eor each

Joumnl of Dairy Seience Val, 76, Me, 4. [5E

wht [eight hoops pes val, ook lest hoes per v,
aurd cithes wes pressed gl TH LPooor sarlioe
pressuee B0 2 hoor pomainesd wnpresssd o E b,
ITe hessps wiere then wransfcmed o a voouem
chimnber.

Belor: vecuum treatment, ognd peas.ac twh-
irg wai atached o a Super TIE phecolabe
pressuTe Iramscuecer 1055 GICWrACY, rAngs L o
HH kPn oo sibecslune PreEsuce; A (LN (il
Calunobus. OHF lovated ipvide the wiacian
chamber, Electrical leads from the copper-
vornsLi ntgn rhermocnople in the chocess black, a
Lhermacunple alisiesd 5o inside wall of e
vacuu chamber, aod the prsssime manaduees
wore cannceed to a Compbell Syientific 21X
Thialugge: (Canapbell Scicodifie, Logan, UT)
cyisiae the varwwin chaoker, Cord in hoops
wne wHopmm el @0 ¥ k¥a o ahsnlube
peossure: far L b withoul mechiemsl [rossere.
While the curd was  slll wnder vk,
joechomica]  peaswe was applied. curd wi
presaed an 12 kP ef surfage prossoe far |
and than vacuum wos released. When The pres
awte U wazuum charcher  reached oae-
meepheny pressure, nechawical pregsore was
released. Pressure nod lemperiune in hincks
and pressurc and emiperatwe io the vicowm
Ccamber wa: maomilsors] eennnncaily throogh-
CHIC VECUMT brearmenr. Yacuum clinnber pres.
surc owas nnitored by observoiion of he



WwACLUM TREATMPNT [OF CHEL@AR CHEESE

vacuum <hanibar pressune pauge. Tigure |
depicts the cxperirmcmal apparatus.

Fressure nnd temnperatare at the ceower of
the ™loek. al the wide of the block, and in the
vaauum chamber dunrg  vacoun  eraimend
wiery decermniced three times cach fir 5 jem)
blick from sy tho had 20 miven te
2-h pressing peicd i wvaenom trewdment ond
Fren vats dhat had nex Tweer peessed prue i
vicuum legsliment, Dala fcom che hooe crials
were  avoragod  aml  depiewd  graphacally
(Fignres 2 and 3%

Rtanxwtival aralyyvis. Romdamized Bock de-
wign ooalyses of variesnc:s (%9 for peossme anl
temper e were delgmined lem ol datu
(dudng voouum teatwoent and for 2 F aler
vactor wa lemed offy, from che datn mc-
el during wecuum tecarment botweea G
and Z,0 kY, @l frome (he dats betwesn 3 and
20 h of vocuwom weatmconl. Tl swtislicad
Black was a sngle replivntion i enck of six
wlenks of checse arth repeared measurernents
ovcr rime. Tahle 1 shows the mean &g ueres and
ihe F miios for the analyics of saciawce Mo
daty hetween .3 and 20 b of vocuum beat-
[OEMt.
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REJULTI AMD DISCUSII0ON

Fizuie 1 shows messorcs, duning viguuarn
treniment at 820 KPa of abaccuobe preessons, n
the center and side of 290-kp blocks of stirrcd-
conl Cheddne cheesee in ctainlese sree] hoops.
Cooard wis prassesd it 7.9 kPu of surfwee pros-
sure orior o the wavuum eslownl (pressed
blocks). Figure 2 aso shows presames when
curd was a0 pressed proe o the waguum
rregiment (unproased Tilocks).

The conier peessure of pressad  hleaks
Uecmeused foom an a<ccage of 3.5 w 170 kP:
il absolute pressure franee of 133 =209 Pz
ul assglale pressure Tor the thoee onlsh bebore
micchanical Flféﬁﬁur& THTH i!FIJ_'II'iEIJ ';]“Ti-".E
VATUUM  Lreamieer.

The center presserc of vnprosscd  hlocks
Urvppesd from ao weerape of 8.4 0 1S kPa
of alvsial whes [rCs LT | PN el TG e 12,1 kPra
of xealut: pressune for e theee erials) el
mechysecal  poessae was pplice]  dwring
wacuyrm  Meeitenenl.  Almespheds  pressim:
canged Demo 8T v 3725 Mo o alweslie
preseurs dueing the sludics. Dressuse nothe
vilcoum ¢hymber aac approcimately § kFa

TAHLE |. Wlar squancs and & ralies Gar the anacysis of viianie [or pressure anc 2empecofures fimm d2e betwesn s oo

A1 B ool wadeum 1E08ER]

Pacirr’ ot F Rixin Presaum: Tanpealure
E] 3 4.7 "3

¢ 1 MEPMIET = I 35.53 10215+
L z MELMESE(2] iR K RiHL5] &=
il z MET = LMSEI ¥.5 RIG b
R=P 1 17z 4 2.
Crrer 11 - 4 i 138

T & WLRTiMdAE = T Loher q.:2
w1l L WHE x TURINE = P o= T LEF M
=T 1= MEL « T4SE: by ER L.24
Fxl T 12 MAP 2 Lo TS0 .o Lo

K =T 1 R 106
ExP=xT i 123 e
Brrar rhif 12 Ag 237

a - ——

‘R = Replictwem nf minly. F = presalis of mopemzen; applicicn price Lo sz Inalie L= osno o posssa
loansdacer 10 exnes of flde o chacee klock 2 =g vacunon shanker T = v the Rz e linperalus weed moeiiueal

LAnacvais of venanee af duia Barwsen Dand 3 hal veeaurn iesoenl shewsad ksl gsnpamioa happed -igeil enils
more (UL = F < VT pnpegsscd an I presscld Bhaie

0 lal wos 2 podlng 2° the B x Loamd B ox P % L oimerncicos

a oamed b= serwers Luand 147 hoob v gl sheees] U beinpe rebons etz siges b ol in Ca:
—enrar af LI‘lj'lI'l!F'ﬁt:‘l hlvazka Auing wredanicol progsen: woplicatian,

0rroc k) was a praliag of he H e Lo* Toand Box P x L= T jalsomlson.
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Figuie % Préscanne @ afing, s I8leveal 410 K e PR
ol e lire piesegn g, L the eace: ol Blde wif' ezl (7
kPa o sorface preszaned wsd nnprecssd 2% ekp pRocks of
slized-curd [Nedidws cheese I rraimdess sl lneps.
Wochurm chambar (vme chomber| precoore olea 15 shioien.

Thescange [ressure ir the cenr il uup:r\exx&i
Fehwcks waz leower rlan e rhe ccuber of poesscd
blncks [depiced gragphically and indiceted by
the siguilicant (F = 051 pressurs and loceriom
inceroction in Tanle 1], preasiog of blocks poor
12 1he vacuum teoaimenl may Rave compmessed
ardd 2o lexh cierrl, wlnich rhen creaned A arner to
rapid A wr! whey evacoation fram the hloeos.
Wa differanve wis chmcrvcd i vacoamn cham-
bor pressure heraecn the oo treatments.

Fipure 3 shows the temperature: in b
conders nnd sides of pressed and onpressel
2 ke blicks of Aued-curmd {heddae GQeeese
i stanless sigel bones uping vasourn Dear-
ment. Yaroum chamber woiperalures also are
st For Bolh pressed aed unpressed Blocks,
the decocase in temperature in the center aod
ticle ol Blocks and Lhe decrense ik emperaiuc
in dhe viuurm chamrser Jal 1ae #arl of vacanmn
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Fipure 5. Tempemmur= during wacumn oeaieenl 31 %5
EFa of ahscluee preassure. io Lc cemer and eks v’ pmeand
(0.9 kFo nf surfacs pressused and copovssed 280k Dok
of sorced.cwed Cheddar cheese nostainless 231 Bwge
Yoouem chamher (vac chaisc Snmpaodluwe alic A
Anzaz

treatmient wore probably cHuser by peiipnralive
croling. Increases in temcpesalume: wete prubi-
Bly causel by hest ol combensgion an dw
* I CINTEL I,Zhﬂl'ﬂ'l'\#[ P‘I‘E:’.."H.I.T\L'- I'I:|.1.I.1'I'II.'rl:|. |'E|.'||.'ii|.:|' iy
mtmosphenc pressure.

Cenler iemperature dearcasced by anonvetaue
af 5.9°C ¢range of 3.8 w0 5.9°C For e Ures
mials) in wnpressed Blowks and by i aveips
of ouly 1.6°C (cmee of 31 40 £77°C for the
three tnls] in :_:-'n:ssl:.;l Llvscks. Fur the dwee
Irisdys, eenler weniperalore deerzased by 50, 5.0,
aml A.2°0, respoecrively, imoanprossedl blocks
and hy 2.8 24, and 3.2°C, mepecively,
pessed Blocks Betwzen O to 3 b of sacuum
UCarmeal.

Staticfical analysis of dee claa berwcen 0
amd .3 bl wmpmon treanmene [ TERIe D)
shuwed thar rlve cemer emperacore dropped w
sigmilzantly v vadues [P - 05 in un-



WADNIM TRFATMENT F CHEMNDAE {HISL

[eesed than i presscd bloeks. indicating chal
prescutes wers lower in wnpressed blecks imnd
thit ¢l wis moes cumpressed n pressed
hbicks. Bapid hea oansfer foom corprossed
curd o thermooguple junciions could have vp-
pusts] evaporive cunlirg in presesd hlocks,
which, in wen, provided evidence that com-
preseed ourd o pressed Blocks could  have
[lrr;\-l.-'in;lr.lj i1 Bammer i 1'.|p1|:| At amel whee ewacn-
atictr frorn the chiese.

Tablz ] indicatsd thar (emperaluse incseazes
signifwantly (2 < 5] in the center of un
poessed [ecks during rechanical peosswre ap-
plication. The tempemniure ircrewed by an
arapage. of AU Teenpersture clmage inodie
centee of pragacd hlceks, in the aide of cicher
prosumd  or  unpresssl beacks, and in Uk
variram chamber was not significan: (P = 051
Howeyer, remperuiucs in some locitians in
hlecks imercaicd or Aoomeassd by L0 o0 L,
resprectavely. duning prosswre applicaton. Simi-
lar tmdines havee been ceporied] previculy (7.
Frresurally, thete 1efpeamwe shanges wers
the: pesult of heating praduecsd by contensation
of waper or eeoling procaced by s vanorelion
nf rrgisuTe.

I e, anadyees of variaizee for all dats and for
the dara acquirzd dudng veweoum cesidinend
choweed tesules similar (e she analyss of var-
amee ddepcted i Talle | (dats berween 3 end
20 b% Howewver, the lime Liclor wis mare
signlicint Lor both of these andepiceed ana-
lpaen Ihocdw-c  ipolaly ard  pressute
changed rapidly bebweoen ) vnd 5 b of vacuum
realment aml for che 2 b after vacuum wes
shut off. Alaa, the pressore and loceding inlec-
aeton factor e nol tpnilicinl mnile ana ysis
that i luchsl du: 2 T oafier the vacuom wss
shut off because Prossure increases in pressed
hliacks wen= eor wnifnem. Hesewer. sig-
nificance af che pressune luetoer 1o dhos Anicys: s
ozremsed beciuse pressre IncTeascs it presacd
Llocks weee noc umfam,

I pgore % s lsgardiaies the scafistical Bodiogs
that premRuce increase was mors uniloom o
umpressedl thon pressed Blcks afler vacoom
was ahut off and forlhcr supeests thed all loca-
ON% in Il.'l'|]_'|1'|;".¢!i.|:'.l,| blewsks releaked  aie and
whay mare naifarmly dusing the vecoum Teal-
ment,

BOCLLE OGS

Pressure  was  hipher. gl temperaure
Ay lesa rapidly. duting vacoom ireaumend

213

in bipcks rthal wers prevsed belureg wHcum
ereocment thao in blocks thi; were nut prsscd
pefore wicoemn  reatment. Tedsperatore in-
crease ] o clecreweed o some Bilock Tocatoos
whan roechazncal presoer: was aoplicd during
the wacuum creazment. Throwph ch weck and
previcdas studies 11, 304, 50 8, 103, we con
clude thor too much peessing belore vazuun
treaiment may sempress cund ioprodece a
buircier wa pr ard sebiey #vizcosnva. Barrappad
wr iod whey ey peduce mechanizal apen-
rews T choese (1, 34, & 100 Eacessive troer
nsaaore rrapped 1 cheess bBlacks ol he shir
of cooling may incresse unsven miodsture is
mibution in cheess 02, &) Mose egssian and
vHCENm lrealmenl rr.giu:lr.nw mosr he deovised
by {le cheese b s mulimize mecaanic:al
opeibless ald unesen medsoice disTibutnn in
chesc,
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