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Abstract

The objective of this study was to analyze the effects of homogenization, storage tempe-
rature, and storage period on the creaming of milk fat and changes in fat contents in the
upper and lower layers and to predict the conditions for optimal homogenization efficiency
using response surface methodology (RSM). The homogenization pressure, storage tempe-
rature, and storage period were set as independent variables of RSM, and the dependent
variables were creaming, US Public Health Service (USPHS) code, and volume weighted
mean diameter (D43) in the upper and lower layers. Based on the results of RSM and
regression analysis, the correlation coefficient (2?) between experimental data and predicted
values by RSM for homogenized milk was estimated to be more than 0.8. The RSM analysis
indicated that optimal homogenization pressures of 14 MPa or more and 17 MPa or more
were required to maintain the creaming layer of 3 mm or less during the storage for 15
days at 10°C and 20°C, respectively. To keep the USPHS code at less than 10% for 15 days
at 10°C and 20°C, milk should be homogenized with a pressure of 16.8 MPa or more and
17 MPa or more, respectively.
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E3olA A e 2 I8 A & AL
] 9715 0.5~1 pm8) L3t 2712 2

AA| A F7HAA ATe] T3 A, H u
(Spreer, 1998). ¥IHo|| 44 349 o2 E= Z71E HHFOZ QI u|gE2] A|vt Eaf G40
Ofgt Atst, Hof| o3t AL s o SVt THAl] 9 P4 T4 5ol AtKSpreer, 1998).
1 AEY] #d 7 AT 7= AR 58713 GFZ Eo Spreer(1998)= A4S 97
9] ZASoll= M7 IH3LE FHjolr] YelA= 1.0~1.5 pm2] A 3712 FESHARE, UHT
St 22 1 16710 ARE ST Z-SE WAsH] flsiA 0.2~0.7 pm8] AT 2715
Z3& sty 71&3kal ek Pandolfe(2005)= E40& sk {577t weh Dys(volume
weighted mean diameten)@t FAYES AABIL th §5717F 10~129 ALol= Dy 0.88~
0.80 pm, #AY 12.4~13.8 MPa, FE5717t 13~159 A9oll= Dise 0.78~0.72 pm, FAY
13.8~16.5 MPa, 8717+ 16~202 Z-F°ll= Di3& 0.70~0.63 pm, #2Y 16.8~18.5 MPa,
571 21~30€ ASol= Dyse 0.61~0.51 pm, F&Y 20.7~31 MPa& 7]&s}al Qlct.
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44 §8& Z%ok= WO 2= microscopic method, storage
methods, centrifugal methods”} QItHRidgway, 1957). Micro-
scopic method= @074 02 2 um |5k A4 =& AlSo}o]
#43 382 =743t} Storage methods® USPHS code} bu-
rette method”7} =4, ¥&3 85 A A7 AA5F & AR
100 ng] -] A ot Y A] o o] A SRS &0

72 882 ARSIt} USPHS codex 48AI17F HAI8HL, burette
methode 72A17F X3t} Centrifugal methods®= American
method®} English method”} Ql=d], A= 97 50 mlE

1,500 rpm_‘?—_ 108 &< AR &, A5 10 mLe v
3, o F 9 mLE HMETD 3}04 A E7g0te] 44 583 ALt

et ox}b FYT 98 50 mLS 3083 oleh:
11 mLe] 48 HEYsto] xm THL FYH, FY 5L A
A,

vl i%oﬂ o3k ko 2 USPHS codedAe AEE 2M} sl
U R] Fo] 2JHt g jo] Zho] 10%XEr} Zotok HriRidgway,

1957). Enghsh method= NIZO methodZ® © L&A SJ=d,
10~1499] §-8713H1 9+= 70% B=9] NIZO value’t S35
ojof s}, 3~671E49] 87181 UHT = 85% o142 NIZO
valueZ} &% =|ojof $tHTetra Pak, 2017).

w4 8382 S5k HS oAt 44 24, AR 2%, A
& 712 5ol FATY] A3} Hre} ofF AFAo] O]EZ]Oﬂ gk
A Hil= 277} ofgh E}E}/ﬂ = Oq?'oﬂ/ﬂ“ Elacs %’ﬂ‘ﬁ
‘5_‘9—]'-9-'5}(4 2 }_74 AA;
o} S —]“‘—r—J A 9}

ot A9 ¢4 5&S ;—‘:— 5L ASctaA @7\15}91‘:}.

Slak
=]
Z

TE 2 e
1. 79 M=

A= A2 RSO +7E YRE ARSI, B4
AAI517] Al Y7ol sodium az1de— 0. 02%(W/v) Z
7FolSitt. Table 39] A9 2710 wet Yf+= 65CE 712%

two stage ¥27|Q1 APV 1000(Denmark) 02 w23}, Oah‘ﬂ_]-zj
$-79 FAE 2491 Fy = 200 w57] 9I5f] 97C FERA 398
et GAY &, YZelgith

= o
Eo&la

2. 74 88 &4
+4 & £%2 USPHS codel 23t B (Ridgway, 1957)3F

NIZO value©] oIt ¥ (Tetra Pak, 2017)i Jolit. USPHS

codex 1 L AlRE 4847} BFAJ8t0] AF2X0] 100 mL A% &<F

J’]’ YR 5Ol SA e Mﬂkoscan(FTZ Foss, Denmark)
°og ZA5lth
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F—F
USPHS(%) = % x100

t
F. : Fat percentage in top 100 mL
F, : Fat percentage in the remainder of flask

NIZO value 42 QAIEEE FHO| A& 25 mLE Y1, 40T
F820f 1087 A &, 1,000 rpm, 3087F YAk, of
#HZ 20 mL AR YAER H A=Y A% d3FS Milkoscan
(FT2, Foss, Denmark)2.2 &743}9ch

Fat content in bottom 20 mL of

centerifuged sample
NIZO(%) = x100
Fat content in non-centrifuged sample

3. H.E'Iil' ix-l

7} Z0] 2099 333} Y& (creaming)= Lu 5(2013)2] HHo|
Zolo] AARBIALE AlEE 100 mL WAAR—E A9, 10T, 15T,
20ColA AetHA A5l B 28SZ S0I5IH Al
AHE 355801 ASHE 30 mLe} ok 30 mLY A4 =R
Milkoscan(FT2, Foss, Denmark)2.2 ZA3}1(Lu er al, 2013),
USPHS codeE Akt

4. 99 X7 37| 53

S A 2715= EolA d& 3 547191 Mastersizer 3000
(Malvern Instrument Ltd., UK)S ARS8}, particle refrac-
tive index+ 1.458, dispersant refractive index® 1.330, par-

ticle absorption indexs= 0.01, laser obscurations 1~8%<
ALt Huppertz et al, 2003; Marzo et al., 2016). A& Al

& F, 9 A D18 SR, LA AT Az
AR} g 98 AYT /1S 2k

5. SAIXE|

HE =X0 3ukE.S AR|519 1, Minitab 14(Minitab Inc., State
College, PA) ol8ato] S43MdAIEH(central composite design)
of| w2} Table 29} Zo] AAste] ¥-SEHEAHRSM, response
surface methodology) 22 EA519tE EHHM( )= 72, A
A 2n A& 7|7ko g AASI T, S5 V)= creaming, USPHS
code, Dy3E A7FoIoitt. SS9} S| gt 23 3=
BAEZ EESI90H, Bo= Aol B By Bie BFHAAISOIT

k

k
Y—ﬁo+§]m+2ﬂ,,x2+§] 3 BXX,

i1=1j=i+1

A% glo]E|9} MRS HHEAH| o8] AEE dZX|o] e
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Table 1. USPHS code, NIZO value, and D43 of homogenized milk
Homogenization

Homogenization pressure(MPa)

efficiency 10 20 30
USPHS(%) 4.81£0.456 0.65+0.559 0.0820.141
NIZO(%) 74.35£1.668  94.77£0.283  98.45£1.258
Das(pem) 1.01+0.0058 0.69+0.002  0.5650.020

* Values are meantSD(n=3).

Table 2. Experimental range and value of the independent vari-
ables on the central composite design for homogenized milk

X Experimental condition - Le(\)/el 1
X+ Homogenizer pressure(MPa) 10 20 30
Xz Storage temp.(C) 10 15 20
X3 Storage period(d) 10 15 20

Minitab 14(Minitab Inc., State College, PA)& A}&3lo] 3]7&E
A& Ao

1. 3=
USPHS code, NIZO value®} -5

58 =X

i AT Dys 574 2de Ta-

ble 13} Zt}. 10 MPa, 20 MPa, 30 MPaZ w43t 9-5-2] USPHS
code= 4.81%, 0.65%, 0.08%°%, #49] &3S HAdsl= 7|&
Q1 10% "IRKRidgway, 1957)& U013t NIZO value: 74.35%,
94.77%, 98.45%% S AU=H, 10~14%89 F-&57171%1 F+=
70% 8&=9] NIZO #h=, 3~67149] 1-5717tQ1 UHT $f+= 85%
ol/F9] NIZO k& Z=THTetra Pak, 2017). AAE 7|20l ==
, 10 MPaZ ¢4% $-f+= Folt 14Y ool f571%te] 71
3k, 20 MPa%} 30 MPaZ @83 = 3~671¥9] /-5717t0]
7Fs3ttt. Pandolfe(2005)9] 7120l 2Jotd 10~12¢9] #8713t
ol 989 D, 32 0.88~0.80 xmP]Agt, 10 MPa2| Dy 1.007
umZE 1099 95713tz B71531tt 20 MPa9] Dy3S 0.690 um
0= 16~2099] §5713t] 7R531, 30 MPa2] D32 0.555 um
2 21~3099 fE7I%t0] 7hsdttt.

2. HISTHEMM ofgt R

Table 2°] w2t AARE S5E¥X), +AYE, AF 2%, A% 7]
Ztol| gt £&¥4x(Y) creaming, USPHS code, A&5-29] Dy,
1559 DysZ A5sH] 9 OH HRSHEEREANS ARSSIGIT 7 =
gdH4E -1, 0, 19 3’\ 02 B5sloto] 20719 AFE AA
Stof Table 33} Zo] AdS AA[SIGIH.

A% % Y3t =S 243 creaming 1~6 mme] =% A3}

Table 3. Experimental combination and data under various condition of homogenization pressure, storage temperature, storage period, and

their responses

Homogenizer Storage temp. Storage period Creaming USPHS Top Bottom

Run pressure (MPa) (C) (d) (mm) (%) Dy3 (££m) Dys (1£m)
X X2 X3 Yy Y, Y Yy

1 10 15 15 5 3891 1.103 0.823
2 10 10 10 5 30.12 1.113 0972
3 20 15 15 1 8.55 0.695 0.650
4 20 10 15 1 3.55 0.669 0.641
5 10 10 20 5 36.36 1.150 0.869
6 20 15 20 2 7.84 0.758 0.665
7 30 15 15 1 2.63 0.553 0.539
8 20 15 15 2 6.9 0.702 0.698
9 20 15 15 2 6.56 0.770 0.688
10 10 20 20 6 59.62 0.982 0.674
" 30 10 10 1 0.73 0.542 0.542
12 20 15 15 2 6.78 0.963 0.632
13 30 20 10 1 4.09 0.549 0.540
14 20 15 15 2 5.88 0.669 0.677
15 30 10 20 1 1.96 0.553 0.553
16 20 20 15 3 15.73 0.812 0.680
17 30 20 20 3 8.55 0.563 0.517
18 20 15 10 1 5.65 0.679 0.673
19 20 15 15 2 6.98 0.706 0.679
20 10 20 10 5 48.69 1.070 0.787
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£ B9, 7AYo E24E HE 2L USHE AR J|7lo]
BESE creaming A= WA ST} Creaming®l tHalAl
S MY, AlF, AsaRgo] tis) vREEHEES 5
ot 349 39 AS F p gol 0.058ET 2 F XX(p=0.181),
X5%(p=0.602), XiX2(p=0.419), XiX3(p=0.419)& ALA71, Y,
=12.2750—0.079X;0.125X,—0.145X5+0.00015X;*+0.015X;
X390 BEAS ARSI} & ZH2 0.95701, p 32 <0.00012
ool = eH, A Fof9 p g 0.5172 0.058c}
Z #2 7HEER SRERHERA A dojrl BE2 HYt Aos
RISt

A 5 35EY e AW FEE S7ote] A3 USPHS
codet 0.73~59.62%2] AIE Ect 10 MPa9] 8oz 3
3 9= 10TolA 1097 A3t AFE 30.12%2] 23HE 29
10, 20 MPa9] FEolA] 83 97 FollAE 20TolA 1597 A
3t AEo] 15.73%2 71 2 23S Bt 30 MPaz w43
-+ SolAE 20T oA 2097 AR AlEe] 8.55%F 71 =9k
1, 10ColA 1097 At AlE2 0.73%= 7V W2 235 B
At P AY, AlF, AoARgo] disf HRSRHEAS 59
3to] T&3 39 AL FoIM p el 0.0520H E § Xs1(p=0.924)
< AL, Y2=77.4610—0.5596965X;—1.07955X,—0.486 X5+
0.00139331X;%+0.112125X,%-0.00772X:X,—0.00262X; X3+
0.0346X,X39] ZHA)S ARE3l9ith. £ gH2 0.99801%, p Fhe
<0.00012 §2/de] Ig=m, Mg ZAof9] p 2 0.2460=
0.055c} & 3He 7H B2 9hEHHEAofA] dojxl md 2-st
AoZ FRIFrY.

A 3715 RojE A J 2749 Dasyg &35k 10
MPaZ w#dsto] BEeE 9§ A5 Dys2 0.982~1.150 um,
S5 Dys2 0.674~0.972 pmPY, 20 MPag A5t HE
3t 280 AR D32 0.669~0.963 um, SHEHQ] Dys2
0.632~0.698 um, 30 MPaZ #&3lo] HES 9-G9] AEHo
D432 0.542~0.563 pm, 352 Dy32 0.517~0.553 #mo]3]
o} SR Dy EHWS) A, Al 5280 disf v
HEAS Footo] =&3 I Als: FolA p ghol 0.05ETH 2 &
Xi* (p=0.133), X2*(p=0.992), X5*(p=0.699), X1X2(p=0.388),
X1X3 (p:0.770), X2X3(p20.640)‘% 11]94"]7].1—_7, Y3:1.31105—
0.002658X;—0.00102X,—0.00106X32] HRALS AZs190ct. £ 7t
2 0.856°11L, p FE <0.00012 Folgo] AIA=|gloH, 23+ A
ol9] p gk 0.873°= 0.058c} 2 FE 7 EE RESHEHEA]
A dojx mdle HAgt Zoz SRIFIL) 1559 Dy 30
H=0] M3, A, A58 del] e EHEAS F3slo] =&
3t 319 A4 004 p grol 0.0582TF 2 T X, X(p=0.499), X,A(p=
0.798), X32(p=0.894), X,X3(p=0.668)Z A7, Y,=1.55575—
0.0034815X;—0.02468X;—0.001492X5+0.0000855X;X,+0.00
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0051X;X;9] BHAS AREsIch £ 3he 0.947°11, p 3 <
0.0001=% 20| IF=|SloH, A 2o p g2 0.247=
0.0550} & g2 7N EE SREREHEAA dojxl B2 A4t
AoE ZRIFI}

. ot Zuitel xXs}

ZF AR] Hlolel e}l RRSIHEAH | ofof Ak=H df&gte] thet
3| AHEA A= Table 49 2t} Creaming 3JAREQ] AJdA4
(correlation coefficient)l 2= 0.957011, 44 R 0.954,
& R 0.94510|%t}. USPHS code 3JARH] ABAS: =
0.993, 4 B2 0.993, 9% B2 0.985601, 53 Dy 319
TEo] AL B 0.856, £ £ 0.848, 5 B2 0.8304,
SISE Dys SARD] 2HAG: B 0.947, £ B2 0.944, 9
2 R 0.9367°10t}. SR dolA Qg Wrt 716k A
Z7ksk=t olet S BYd] = Fo] 4 RPol1, 9 &
2 AR 2 BEA0f et §HE Aok AEE B
ojFn 4 & B2 0.2 ulvke] ZJolE Hojok FHHMo-
han et al, 2016). 202 HAX|9} d&X|9] g2 FH
Aoz folsiH, £4 R dl& A2 0.2 veke] AjolE H .
Fig. 1 creaming®] ol F&YF} A 25, 8T A7 717T,

N W
re

[0

FH

re
AT

Jx

i
njo

k=]

Table 4. Regression analysis between experimental data and pre-
dicted values by RSM program for homogenized milk

Run Creaming (mm) USPHS(%)  Top Dss(z2m) Bottom Das( 2« m)
1 5.2 40.2975 1.04585 0.81835
2 4,675 30.0946 1.04565 0.9481
3 18 6.8904 0.78005 0.67495
4 13 3.3975 0.78515 0.71285
5 4725 35.7946 1.05625 0.8499
6 22 9.2954 0.78535 0.65135
7 14 1.3495 0.51425 0.53155
8 18 6.8904 0.78005 0.67495
9 18 6.8904 0.78005 0.67495
10 6.475 57.8366 1.04605 0.6886
" 0.875 1.4866 0.51405 0.5248
12 18 6.8904 0.78005 0.67495
13 1.125 4.6286 0.50385 0.5345
14 18 6.8904 0.78005 0.67495
15 0.925 1.9466 0.52465 0.5286
16 2.3 15.9895 0.77495 0.63705
17 2.675 8.5486 0.51445 0.5383
18 14 4.4854 0.77475 0.69855
19 18 6.8904 0.78005 0.67495
20 4925 48.6766 1.03545 0.7868
R? 0.957 0.993 0.856 0.947

R 0.954 0.993 0.848 0.944

Reoea 0.9451 0.9856 0.8304 0.9367
p <0.0001 <0.0001 <0.0001 <0.0001
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Homogenization (MPa) Homogenization (MPa) 8torage temp.(T)
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Storage period : 15 d Storage temp. : 10T Homogenization : 10 MPa

(@) (b) ()
Fig. 1. Contour plot of creaming response for change in homogenization pressure, storage temperature, and storage period. (a) homo-
genization and storage temperature; (b) homogenization and storage period; (c) storage temperature and storage period.

A &9t A% 7171] Higt 5 EE Yl Fig. 19 (a), code 10% w|Rto] tfisf 7 SAHEE BlwstH vt Zodth A
(b) TATOA HE Yol ~7} 45 creaming o= A 710 1592 180 W, A 2= 10CoAE 16.8 MPa %
& & 9t} 20 MPaZ #3238 79 creaming® 7FY w2 A3} T9] #AQto] Q= AF L% 20T 4= 23.1 MPa °JA9]
Al 3 mmE 7|E0E 7t SUAEE Hlwe| BH thaat ok A% FAYo] 7 HY A 25 10CE THPS 1, 102 A7 7]
717+& 1598 13%S o, AF 2= 10CA 3 mm ©Jst] ZrollA= 15.9 MPa olidol, 2089] A%717o4+= 17.5 MPa ©]
creaming= FAI57] YoiA= 14 MPa o139 #aUo] 315 o] ko] dashal, #A%E 10 MPaZ IS , 10T
1, A% £ 20C9A 3 mm ©]5H creamingS FA1517] 3l A 10¥ ARAE 30.11%, 20CoA 2097 AARES dojl=
A= 17 MPa o)A39] #8%Yo] 8 Eth A% 252 10TE 14 57.72%2] USPHS code?} 9I&E|9ict.

= o, 1087t 3 mm °otY creamingE FAISH| HdliAl=

13.9 MPa o9] #4940l 7511, 2047t 3 mm 519 crea- Q oF
mingS FAI517] YalAE 14 MPa o] 2% Q7 F )

AYZ 10 MPa® YAFE o= SuAEONA 10TolA 10 A 2 AN e TESEHEANS E8olo] o 21, AR 2%, A
A& o, creaming 4.67 mm FEo]1, 20 TolA 20¢ A%+ % 712 5ol |AY] A3t A5t sheRe] A o Wt

FE , creamingS 6.47 mmSLt. —Oﬂ sl v|A= FAFE B4k, HH9 #E 8E&S A= XS
Fig. 2+= USPHS codeoll il #AUT A% 2%, FAUH A% < ASotaAt AAetylct. SRERHEEAH] & ,

71, A 2ok A 7Rt tigt SaAd=E HojErt USPHS 117‘* 2=, A 717 AAEIRL, -1, 0, 19

1ol
5 z z
g 3 EREE
£ g H
g g 5
- ] 312
3 3 3
@ 7 ©w
124
15 20 ] E s 15 20 ES 20 e 12 12 18 18 20
Homogenization (MPa) Homogenization (MP a) 8torage temp.(T)
Fixed value Fixed value Fixed value
Storage time : 15 d Storage temp. : 10T Homogenization : 10 MPa

@) (b) )
Fig. 2. Contour plot of USPHS response for change in homogenization pressure, storage temperature, and storage period. (a) homogenization
and storage temperature; (b) homogenization and storage period; (c) storage temperature and storage period.
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9l creaming, USPHS code, AF&5-2]
Dy3, 31572 Dysoll ts AdS AASISITh WHEHEHEA T 3
A4 Ax}, A% 59 AY dofelet RSMe] oJsl AiSH
S0 AASE 0.8 o] e Hlt: HREHEHEEAY] X
A3t A3t 10CA 1589 A% 717t 5%t 3 mm olste] s}
£ A Yollde 14 MPa oo &l 9+=1, 20T
A 1599 2% 717F &<t 3 mm ofote] A-3HE RAI5H| HoiA
£ 17 MPa ol9] #4do] 87t 10ToA 1599 A% 717t
59F USPHS codeE 10% Ulvto & §X517] YafiA= 16.8 MPa
9] #4Yo] 8=, 20ColA 159 &% A% 717k FAI51]
oAl 23.1 MPal] F&Yo] QHh
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