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SUMMARY

I Title
The development of concentrated milk and milk powder by non-heat

treatment

I1. Objectives

The objectives of this research were to de#eloD the freeze-econcentrated
milk by newly developed continuous type multi-stage process and compare
the freeze—concentrated milk to evaporated milk in nutrient compositions, pH,
ph}*Sico—chemical and sensory properties during storage. In further study, we
carried out the development of reconstituted mﬂk, yogurt and cheese made by

freeze—dried milk powder for comparison with the controls.

[11. Results

The first study was designed to develop the freeze-concentrated milk and
compare the changes in nutﬁents, physicochemical and sensory properties to
the evaporated milk. The water content was decreased up to 73% with freeze
concentration process. Most of physico—chemicel properties in the evaporated

milkk  were different from the control milk. Comparatively, the

freeze-concentrated milk showed little difference from the control milk.
Especially, TBA wvalue and short-chain free fatty acid concentrations were
significantly greater 1n the evaporated milk than those In the
freeze—concent._rated milk. Among sensory characteristics, such as cooked,
oxXidized and off-taste, mostly induced by heat-treatment, were significantly
strong in the evaporated milk. Therefore, the present study indieated that the
ﬁewly developed freeze concentration technique showed the improved
phyeicochelnical and sensory properties, and had little ehange of most nutrient

components when compared with the evaporation process. Further researches



are required to elucidate the chemical and sensory properties of the
freeze-concentrated milk. In the second study, we tried to examine the
changes of nutrients, sensory and chemical properties of freeze-concentrated
and  evaporated  milks during  storage. For  pasteurization, the
freeze—concentrated milk containing 27% of total solid was treated with 150
rpm ozone for 5 min, and 99% of microflora was eliminated. Also, the
activities of protease and lipase decreased 93.31% and 96.15%, and
phosphatase showed negative activity. Total bacteria count was maintained
below 2.010° CFU/ml. During storage, TBA absorbance was lower in
freeze-concentrated milk than that in the evaporated milk. The production of
short-chain free fatty acids and free amino acids increased proportionally to
the storage periOd -in bt)th samples.

While the short—chairi fatty acid production was lower 1in the
freeze—concentrated milk compared with that in the evaporated milk, the
production of individual free amino acid was similar in both samples. In
sensory evaluation, cooked flavor and color were much lower in the
freeze—concentrated milk than that in the evaporated milk. Overall
acceptability score was higher inthe freeze-concentrated than the evaporated
milk. Based on above results, ozone treatment for the freeZe“concentrated
milk pasteurization was positive at the elimination of microﬂora and enzyme
inactivation. During storage, the freeze_—concentrated sample minimized the
change' of color and TBA absorbance, the production of short-chain frée fatty
acid and vitamins than the evaporated milk. Therefore, the
freeze—concentrated milk process in the present study resulted in the positive
effect in minimizihg nutrient loss and keeping quality of milk during storage.
In thé last study, the comparison of the freeze-dried milk powder and

reconstituted milk, vogurt, cream cheese and ice cream made by freeze-dried

milk powder to the those made by control milk. The chemical composition



were not significantly different. In addition, no significant difference was not
appeared 1n most of physico—chemical properties iIncluding chemical
composition, pH, ftitratable acidity, color, wviscosity, TBA, short-chain fatty
acids, free amino acids and vitamin concentrations. Therefore, this study
showed the possibility of development of products made by freeze-dried milk
powder including the reconstituted milk, yogurt, cheese and ice cream without

any defects 1n product quality.

IV. Application

This 1s the first tnal to develop the freeze-concentrated milk and
freeze-dried milk powder by using the newly de{feloped continuous type
multi-stage process. As a result, freeze-concentrated milk showed a similar
quality to the Commercial milk in nutrient composition, physico-chemical and
sensory properties In addition, the present study showd the possibility of new
dairy products made by freeze-dried milk powder including the reconstituted
milk, yogurt, cheese and ice cream without any defects in product quality.
Therefore, the newly development derived from the present study may

provide the economical and technical achievement in dairy industry.
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C}(Hartel, 1993; Shirai et al., 1987). 4 A QAAANAHAA Van der Malen
3} Van Pelt(1983) A Z A A A 2% (one stage ripening system)
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HEIAT. 53| ttdA sAANLHAgAN F53 dS5dAE 4 dAEE T2
Aol HYZPRE A &Y o]dAY dFHAAFAARE FHE7]d AHAE F
d g e WHoldt ASAY. ddAAA £33 GAEE JF=o FIr A
e 45247 A or Zol X7 w&d AAY EEITAHAM 29
£ Eo] F7HH = Y¢lo] HEF Swinkel(1983)2 A9 pseudofreezing curveZ
Esfol strp RS, Harz(1987)= ol & ©] &30 Fof 2xdjA ¥

F o ot AFstUAI % oo digh <
77 8= 33 AT QAT BSEAAT] Zﬂé;ﬂiﬂrﬂ-‘l 3l WItEE

tlo
ihd

ol
X

5 9= ﬂ Hillert(1965)< *1 2

do)q 2L Yzt 27

22y Min(1993)2 sucrose®} hydrocolloidE ©]-&3F EAXA|Zg oA At
gepdsts dge YEYAE gH e AV Aoz wEagch

|
v

longz logk—l—n. 10gt RERLTRTEELLN ' § 2

2 A7HAe A4 Min(1994)e £ AeAAEY A/ RTEE GE3
e B Aot FATHQUX): ASAHA FHREE)

— Gl)o(X) )=(a—b-In#) - (InX~(Ink+n-Inh) = eq. 3

w3 $H4E ol8d Fo ATARE 2okd wd tgd Zuh Van der
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Malen and Van Pelt(1983)52 ESA +#9 TE7 Folds
BolHozH 79 FA=e T7hsted, ol & ¢
e H=E ool st dSZ2AA S FHAT
=8 9%< v B3t

3. 95 4AA & A (separation process of ice)

Stoke® Hol wreh ehlid A4YASE 9

A714 AALAS Ze deH 2o

7 = (21[7’3)2 .y
g

AF7EA el d7e 5284 =279 FY4Es dA¥eE E5EA4A 2
719 fAEe7] S 9% L3 A9 e e HArE =
oz ATE YUY,

2y EFE Lt YA EF slunydls thEe] SRA Rl FHdta
ol Y+E E3 washing FAS JaAs=d o] AL YAE & slurry
dE7F lEH A F5F2 s 2348 2980 oy A48 714 £
ATl = one-stage(mono-stage) HHRTE o HAAS oy i
multi stage system2 ©]&3star ATt o] FAHL YA v LS FIIAT=
TAAE A = AABel7] Wi Mol dHE aFHA ok Ed T
9 B5, HEFSINY A% VxdFET olUF FEE
S ATE e REG Aot B AT

A
Of
o
Ko
9
o
o,
£
-z

N
N
-—l—l
__}_4_;'
N
)
K
rlo
N
N
of
>
i
=
s
2,
e

-




¢ Ft ARATAR FBVAAE A75 ArHMin, 1994, 1997). %
& AeARA YAt 27 L B Bad AAZZALAR oo W H B
FHI2IRL ALt AAstel Tt FAARANLLL TuolA
T ygstso] gom, oo W 7&MEL 19609 o F 1970 i) AW
A 9tk dEHCZ RN ¥ AF 9F ANY §F L opAF
2o QAN FEHR Yk TG $59 A9 obd ASHT YA Fe

ABAA f7hE AAE AFAA AFAERe olgad $4e A 2L #
_‘I

e AlEe Adtste st JElx e Vs e wolvl Hste thgdt

£
S #H7tslo 7154 RE AASIA gou, AA olv] 7iFAdel f¥dt H&
AAE HY E&FOE o&T F UT 7les NEste Ao AHstA =
ATh MAA FU F7HE ZEoke Jed IR AvjAE Q7o ESde i
=4 f71E AES NEsr] g 7ls Jfde] HR s, olo R-$37] ¢
ste] ¥ EAE rlee] el HEo] JidHI Yok I F {IHF A

< 2vjAe 2o BEEe vles MEdstm 1Y) BTl =A B3 FE
=u 7t A LRSS fEAM s o3 AMEx Ve =Y Alwdttil
A,
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14 43z Al.é%!.e.i *.}V:l d ¥R ol33A

7t s2AZ Alader A4 " Ewo Az

E A9 AHEE AEE Yo 22 AAHE T FEAAXR Y HFig. |1,
2). 4 F=3% A8 sample trayolld FA7F 15 mm A FAZ A% &
-30CoA FAAA olF FAAZXY cold trap 2EF -70CT2 AT ¥
TS AANSET old IFEE 001 torrf o™ sample tray std HEZHo
A A S8 dad 98 -ﬁgﬂ:ﬂl-a}?i'i}. TAAZX FAHAA heating rateT vl
T F8T AR ALY 5 Qlo] FHAXZALE &9 F M9 typeloE 4
Tol AA8 A

)

N

Table 1. Processing condition of freeze drying for concentrated milk

Treatment 1 Treatment 2
(FD100) | (FD300)
Sample dimension (mm) 15 15
Initial temp. (C) 15 15
Freezing time (h) 4.9 9.44
Final temp. (C) -35 —35
Freezing rate (C/h) 10.22 5.30
Heating rate ('C/h) 6 9
Final temp. (C) 30 ' 35
Drying time (h) 69.21 69.21

._27._.



| Sample freezing on sample tray' (-30C) I

|

. Cold-trap cooling (Air temp -707C)

S S
I Vacuum o __I
7 —

‘ ] _ ) 0.01 torr ) I

|

| Heating I
|

_Endpoint
(temperature equilibrium between sample
and heating plate)

Fig. 1. Manufacturing procedure of freeze-drying milk powder.

Thermocouple Vacuum chamber

P

Sample tray

g e AR

' v

—

VIS ALLSA LTI ALT IS SV 4

LA ALA ST TS SIS S AP T A AV TS o

Control panel | . ' Cold-trap

-

<) :
™ »4 | Moisture

absorber

~—_
Vacuum pump

Refrigerating system

Fig. 2. Schematic diagram of freeze dryer in pilot plant scale

dimension.
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T2 AOAC WHA980) R, Aue XX of MHH(KSH3001)2.2 =43}
o, wAZL  AO0AC #9809 <95t9 micro kjeldahl Wy o=
Kjeltec Auto Analyzer(No. 1030, Tecator, Sweden)E ©|&3le) A 9. &
&2 Lane-Anon'yel 93] 243Gt 3)&& 550TCEsHe =z FA3A

2} T =%

@ & YAPg AS
g ~goz AAGI 527 % AN 1 F 50 mLE 5% EFo] 2 9
T3 dATE A ¥o 750 rpmol A S5E AAEYT T AsAE AA A
. 24Ce] ZF5S B ml ¥ F £50 & 0g O 50 mLAA ZH%
2 AL F B0 Huh og MRS FHoz Ay FY P2 =

NE 10 g AFste] dlxFebrzel ¥ F FFSF 70 mLsh 05 N-HCIS
7betel pH 4602 4% tg thAl ZHFE shstel 100 mL7b HEZ &w,
AHA 2 JBHhh AN J3d IHAL Kjeldahl

A5 20 g= AHsle WAa2ZetAzd Y31 12% Trichloroacetic acid(TCA)
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70 mLE 713 3 Z2F42 100 mL7t 35S Q& gL & 56 23 o
AR o] 73 F Kjeldah'IH o2 AF 39

2 AZdA THARANEHOZE Axd EF BEFARAN2HoZ AZT
49 dubdES Table 29 2o SAIEL =&, @92 A, 9, J¥
02 FAAZXAILEHOE AZXT Y T8 34%, GHAL 41.7%, AU
26.8%, w3 =24.1%, AT 41% °|Utt. EFAXAAHOZ AZRJ EF F

L 33%, 9¥AL 392%, AW 27.0%, 732243%, 3&
}

4% F7hAY E47h HEAQA W 2 Fo)7
o
=

Role 2 9L vXA gEvx Ard

Table 2. Composition of milk powderl)

Moisture Protein Fat Lactose Ash
| (%)
Freeze-dried milk powder  3.4° 417° 268>  24.1° 4.1

Spray-dried mlk powder 33" = 392° 27.0° 243 3.6"

PMeans with column by the same letter are not significantly different

(P<0.05).
o gdE 5%

e A AHd 7Idst=d ADMIQ0TDAIAE d=9 &= AFE
0.15%, 0.5 mLZ Asxn Y&t Aoz B o, FHAARAN2"oz Axd
0.11%, 002 mL= <M FHely EFAzA2Fom A2 £w= 019%,
0.172 7lE< & =38t itk AF7|Ze] Sty =

A
o) T =
S =7t F73teH, o] QR EE F%ol YAHHI wWiEolt. Ew9 AR
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g Y4 Wzre Fv os, A, &9 A
257 10ColatY Aol Edl=o] & W37t QAT
L35 X 9. gy 2 APgiME R4S %—73
Z o Bop AFAdol ¢t Alsdn.

t}. Non-casein nitrogen(NCN), non-protein nitrogen(NPN)

w5 AZA]l table 39} Zo] FZ 4 casein nitrogen, whey pro’tein nitrogen
of F8 ®ge= & Ao/t AT EFHE A F ocasein®] I FEQ
proteose-peptone®] A% Z7}8tut NPN& AAlzt A& A wgi=Fo] zlol g
A o] 73 fragmentation TAY LA &gt}

Table 3. Effect of NCN, NPN in milk powder

Treatment Time (weeks) NCN (%) NPN (%)

0 5.7 3.0

3 H.8 2.9

_ _ 6 5.9 2.9
Freeze—dried milk powder

9 6.0 2.9

12 6.3 29

15 0.9 2.8

0 56 - 31

5.7 3.1

_ 6 5.9 3.1
Spray-dried mlk powder

9 6.8 3.0

12 6.9 2.9

15 7.0 2.8
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o EANZ A2FoR AN W AR Az

Fig. 39 ¥He2 PVTFD-100 SAUAZX7AR v FAAZEFE Azxd
Gk ol W PVTED-1009] Z74-& sample amount® 100kg, sample dimension
< 15mm, initial temperature™ 15C, freezing time, final temperature®} freezing
rate 22} 490 hr, -35T, 1022TC/hrolt}t. Heating ratex 67C/hr, final
temperature= 30TCo] ¥ drying time< 69.21 hrojttk. o|l& A wEoizr =4 A
Z whe LZE FF] 11%7F HESF BTN FAFE AR

r Sample freezing on sample tray (-307C) l
S '
| Cold-trap cooling (Air temp -70°C) \

y— i ———— P aiaitiinlinieiniel l e —— A
I Vacuum -‘
J B 2 . _
L 0.01 torr | I

\L _
|—_——“ "W | _Hﬁtingr - ) B ‘_—l
!

Endpoint
(temperature equilibrium between sample and heating
~ plate)

il i s A

Fig. 3. Manufacturing procedure of freeze-drying milk powder.
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274 BdaE FMAFANN A R4S FFRe F IR FFo

11%7} HEE §HTAA FLRFZE AX3FT.

=
gt ¥, 2-propanolx AH&3te] 25 mLE XAZ F A2 A 2087 WAk, of
g 452 xgo = 10%1r A& dojd A Mg Whatman No. 542 o 3x
2 o33F % Sep-pak Cl8(Millipore Corporation, Milford, Mass. USA)E 7| %
Be Ae ANFLAo 2 AHEdle HPLCE EA Y. 3 EFENS HPLCH
sol §% 5g2 B/HEkn 99 BUW wyow XA 5% FUe T
A4

o2 AHgstdon, ¥4 AH8-¥ HPLCY &< Table 49 .

=z =
o T
Sy

Table 4. Instrument and working condition for quantitation of lactose

analysis in reconstituted milk powder by HPLC

Instrument : _ Waters Co. USA HPLC

Column : Shodex Asahipak NH2P-50 4E, Japan
(4.6 mmID x 250 mmlL)

Detector . -~ Refractive index detector

(Shimadzu, RID-6A, Japan)

- Mobile phase I acetonitrile + Water — 3 : 1 (v/v)
Injection volumn 20 ul
Flow rate 1 - 1.0 mL/min
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e AEzA

A e 2L Hunter A4 (Minolta CT-310, Osaka, Japan )& A}&3yg o
FAFE 4Cd 189 =< AASHEA 0, 6, 12, 1849 M- E =A37] 93
L, a, b values& 33 FA 3 H T}

Z] ¥k AL 3} & (thiobarbituric acid value : TBA)Z}&= malonaldehydec’*% =A%l
X2 malonaldehydex= At#iFHE YAste &9 FAEE AAHdHY, A9
Z7] A AANA A3 AEE SHstE F8% EHolt #YF 1 mLE A%
&t glass centrifuge tubed] ¥3 9 mL9 15%(w/v) TCA, 0.375%(w/v) 4,
6-dihydroxypyrimidine-2-thiol, 22|31 0.25 N HCI& 7}38te & =33 & 1658
&<t water bathol|l A boiling 3t th ¥H&AS ZA] A2(200C)e8 Yyzst &
7,000 xgol A 15XF YA 3t €A &8 & 5% pink-yellow color 4
FTHE 4o 53 nmilA FHEE SAHSAUT

vh w3l f8 A AF 2

FARFE AFst &2 (18Y) AAAEH= G FE AW A w317 g
AL b3 2o 584 alumina 192 g& 55 8 mlLo ¥3 $a g9
=2 Ao 2A17F W&, Y 1 mLE test tubed] ¥ il ethyl ether 5 mL,

.
o o

RN

4 N HoSOs 0.1 mL, sodium sulfate 25 g& #H#H|E2 ¥ o] vortex mixing § 24
B R3Gh o] &Aoo hexane 5 mLE T3l vortex mixerste] 2,000 xg
AM 5&ZF YT st Small glass chromatography column®] glass wool
S Y1 EEA alumina 1 g& 20 YA wHEAZR £H4ES small glass
chromatography cohmn(ID : 5 mm, length : 15 cm)d Z#HFUY.
Hexane-diethy] ether(1:1 vv) 5 mL& ol ol #AAH<E 23 SRR R
Aluminas ¥9 ¥ 10 mL test tubed &7 ¥ 6% formic acid®t diisoprophyl
ether 1 mLE& F7Istgor. A2¢A4 2000 xg= 587 dAHELE 34
microreaction vesseld] EA 3900 olE AL doz 3o GCE BAYr}
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Gas chromatography(GC)2l &7 -2 Table 5ol A ¢} o] AH3H .

Table 5. Instrument and Workingi condition for dissociation of free fatty

acids 1n milk by gas chromatography

Instrument ; Donam Instruments, INC, Seoul, Kor.

Column : HP-5
15 m x 0.b3 mm 1.d. Nukol fused silica capillary
column(Supleco Inc., Bellefonte, PA, USA)

Carrier gas 2 - Helium 30 mL/min
Hydrogen gas 30 mL/min, Air gas 300 mL/min

Oven temp. ; 3 min/130TC
9 min/130C—53 min/220C

Injector temp. | 2507C
Detector temp. 2507TC
Detector I FID

A}, ulEbel 24

T84 HENE BMsr] 98] Alg 05 mLE 50 mL Vol flaske] #H st
mobile phaseE 30 mL ¥ o] 20% %<t sonication 3 % mobile phaseE A}-£3}
o 50 mLE FAslo 2760 xg=2 207 QA EHSA filteringdt AL A&
Mo 2 AG3ted HPLCE EAM3AcH B4 Al A4EE columne €4 Shodex
column©] i, detectore 254 nm UV detector(Shimazu, Japan)E AM&3tg o,
injection volumeZ 10 pl2 3t th Mobile phaser triethylamine + MeOH +
acetic acid / 0.000 M PIC B6(sodium hexanesulfonate) 2 L% 4%‘5’}%‘3.2-“%,
HPLCO] Z71& Table 69 2o 3t B34t '
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Table 6. Instrument and working condition for quantitation of free

amino acids analysis in freeze—concentrated milk by HPLC

Instrument : Waters Co. USA HPLC
Column ; Waters 10NH2(4.6 mmID x 250 mmL)
Detector ! Waters 485 absorbance detector(245 nm)
Mobile phase : A solvent - ammonium acetate + water + acetonitril
B solvent — water + acetonitril = 4 : 6(v/v)
Injection
20 ul
volumn
Flow rate @ 1.0 mL/min
Gradient table : Shimazu 680 gradient controller
Time %A | %B
0 100 0
20 50 50
35 0 100
4() 100 0
45 100 0

2. 47+d 25

7t Aubg R

E Ao THAx AN2doR Ax ¢ EFE AT Fdie It T
o] &4 A} Table 78 2ot SAYELS &, @9, AW, 79, L=
FEgFe] Aold wet EE AFEY o] vHl#lH oz Wsiit. Control©]
It 979 HAESHF] 22 8878%, WAL 257%, AL 450%, w2
510%, 3ES 1.15%°I0th 52AE Al2doZ Ax 3 B2 A2 A7
o FEIFLE 8518%, TWAL 501%, AW 580%, T 520%, JT
1.18%0]en, BREAX Aagoz Ax ¢ EFE AXY Fdwe 2T
& 8359%, WAL 779%, AW 850%, F3F 9.10%, w2 1.72%°]L
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AZZ A2"goZ AZX 3 B2 AZRS IUFE gt gfo vs] Z2A o

Table 7. Composition (9%)" of reconstituted milk

Treatment® . Moisture Protein Fat Lactose Ash
Control 88.78" 457° 450° 5100 1157
Trt 1 85.18" 5.01° 5.80 5.20° 1..18"
Trt 2 83.59° 6.79° 5.50° 9.10° 1.72*

YMeans with column by the same letter are not significantly different
(P<0.05).

2)Control,, Raw milk; Trt 1, made by freeze-dried powder milk; Trt 2, made
by spray-dried powder milk.

. A
EAAZESE A2 3PS REAzRROT A2 BFYLE 4TA 18
A A W 42e WHE ohu] sl Hunter L'(A7)), a'(5 47
M), B(AA-3) valueS ZA§ AHE Table 8% 20} Bdhe] Yrt o
A2 EFAEERE e ddwe vE AYF T2Ax BERd do Al
E B¥Y. L-value® Z2$ control AZ 0YolA 1887tA] 75.61~64.019] &
2 ZAHYT 189 Eo 0.13~0672 ZAHAT £ A% 09l 70.12~65.21,
BEAZRGE A2 BAFE AF 090 7056~66842 Awe] o7l 57
AZEwE AE£e SR A% AH3lyl g, £§ a-value? %2-$ control
+ 18Y &¢F -319~-314% SAZHYNL, TAUXEFE AZT FYH+ -30

24
1~-33022 AAL % d FHE Ro2 eyt A% 93 Ao {59
mel E4F ol HolXW AFr|zte] Aol mak HEH FH2 folF
Aol UERGA gt
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Table 8. Effect of color” on reconstituted milk during storage at 4T

for 18 days
Storage period %
(day) Treatment L-?alue a—-value b-value
Control 75.61° -3.19° 3.58"
0 Trt 1 70.12° ~301° 4.48™
Trt 2 70.56° ~3.18° - 385
Control 69.87 -3.01° 3.48°
6 Trt 1 67.02%° -2.99% 3.48°
Trt 2 68.18" -3.11° 3.81°
Control 65.51%" -2.98° 3.54°
12 Trt 1 66.82° -2.83%" 3.34°
Trt 2 . 67.48° -3.01° 357
Control 64.01° -3.14° 3.51°
18 Trt 1 65.21%° -3.30° 3.34°
Trt 2 66.84° -3.12° 3.27°

Means with column by the same letter are not significantly different

(P<0.05).
2)C(:mtr(:ul,, Raw mulk; Trt 1, made by freeze-drnied powder milk; Trt 2, made

by spray-dried powder milk.

23 #Hdiet EFAXERE AXT FIFE 4TA 18
oF o+ 52 XAk (short-chain free fatty acid, SCFFA)%] ®
35 &4 A Table 99 e ligith & T8 AHAE2 Cy Cs, Cs, Cr10
2 4 AEES AR7ITNl AHEsE S8, total SCFFAE control®] 7
5 951 ppmol Al AZ 18U A 1873 ppml. =2 F7Ist¥N 1, &4
AZEBEFE AZS A= 1499 ppmol A 2459 ppm, FFAZEFZ AXT
Y+ 1282 ppmol A 2163 ppmeE BEFZAZEFE AZS dLF7T 22
NN FHAAZEREZ A2 FAdFET G FALALe FFo] v

of
e
ol
.
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A SHHNT

Table 9. Concentration of short—chain free fatty acids in reconstituted

milk during storage at 4C for 18 days

SFFA concentration (_ppm)l)

Storage

' Treatmentm
period (day) Cq Ce Ca Cio Total
Control 3.20° 1.66° 128° 337  951°
0 Trt 1 6.13°  247° 1.70° 469  14.99°
Trt 2 505° 220 199° 358" 12.82™
Control 3.20° 1.66° 128 337 9.51¢
6 Trt 1 6.13%° 247 1.70° 469  1499°
Trt 2 5.05° 2.20° 199° 358"  12.82™
Raw milk 572" 2.55° 271> 4.12° 15.1°
12 Control 1  797® 408  350° 583  21.43®
Trt 1 686> 394  341* 467"  1888"
Raw milk  643° 3.44° 3.08° 578° 1873
18 Control 1 883  503°  411° 656* 2459°
Trt 1 759° 4.86° 397° 521° 2163™

DMeans with column by the same letter are not significantly different
(P<0.05) '

“Control, Raw milk; Trt 1, made by freeze-dried powder milk; Trt 2, made
by spray-dried powder milk.
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A7Z71Zo]l Agel mel 52 &7 59 wE Aol JheEdEH] wEx
L

Wakel A 2 off-flavor Y T FZASE 7HALE=E

g2 st S et B AN FEAZERE AZXRT L[V EF
AZEFE AZXS dUH= B dd FExHEAEe do] A SA4HFHew
2 FHAZXREFZ AZXZ 834957 EFAZRERE AZXS ddFEY FEHo]

2}, u eyl

f W vigwE A, FF717 7448 820 2 IEFAH T ¥ wol
O ko] AESHA ZulAd YA fow durzow FAYEH A HERIY <l
AL gujo] pH, AtA 2 FE574 O 9o & 845 o F¥s vtk

3

a8 e dF nlEpRlo] JFEA Y o FEAHoER SHdHH T84
HlEFR1 2 X[ 84 HlERld] vl&] E¢4AT Aox dHA AH. wepd FZAX
Bog AZd Jdad EFAZREFE ARG BIRHE 4TAA 1843 AF
g o 84 vEdS SASREY 2 A2AE Table 100] el
L-ascorbic acid®] A% 0d4Aol]+= controlo] 3.65 ppmSo.Z FAH

2

T AR} L-ascorbic acidv AXE
T 2 AR Ao vlegn F s E4AE & AL L-ascorbic acid® A2 A
THANMAE oF 10~20%, UHT A AAd e 26% FL& 2 o9 &40 ¢
gon FgddirE Ao sl A AP Basigoenz E AN
'1?4“'3"'7‘3?1 REAZEFZ A2 979 L-ascorbic acid7t FZ2AEXEF
.

o)

e

2 WE FA48T o Bo] RHE Ao AR,
A

Niacin®] 7o+ A% 189 &< 53 23 control 1.28 ppmelAl 1.10
ppmOe. 2 7 23R, FAAZRERE AZXT BYHFE 114 ppm, EFHEET
2 Az FAH5E 097 ppme 2 AN EFUAXERE A2 7 HU
= 9% 3] niacin FFel Eol WIEAE Al niacin] ¢AsIAe™ A7 <
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‘Table 10. Concentration of water—soluble vitamins in reconstituted milk

during storage at 4T for 18 days

Water-soluble vitamins (ppm)l)

Storage —
period (day) Treatment” L*a:;‘:blc Niacin  Thiamin  Riboflavin

Control 3.65° 1.28° 0.31° 1.27°

0 Trt 1 30.1° 1.14° 0.22° 1.25°
Trt 2 271b 0.96" 0.20° 0.45°

Control 3.33° 1.23 0.28° 1.25%

5 Trt 1 3.00° 1.09%° 0.20% 1.21°
Trt 2 252 0.95” 0.18% 0.41"

Raw milk 3.08° 1.10% 0.21° 1.25%

12 Control 1 2.92¢ 1.03* 0.17% 1.18
Trt 1 2.29 0.89" 0.15" 0.38"

Raw milk 2.62° 1.10° 0.16° 1.19°

18 Control 1 287 0.97%° 0.12%° 1.16°
Trt 1 1.99° 0.82" 0.09" 0.32"°

Means with column by the same letter are not significantly

(P<0.05).

different

2Control, Raw milk; Trt 1, made by freeze—dried powder milk; Trt 2, made

by spray-dried powder milk.

gt

Al O 1
TT W

0.22 ppm,

- A3 control2 0.31 ppmol Al 0.16

b o B o
A A o e e

A the HEmEs A7) 23t

|
AW A 02 thiamin® 7FEAFE Al FAZF FLAEE B2 Ulo] = %= maE T

—

zo wddls] Atole] sstATol 4A BoA MEHozMe 7)5< YA

Az, 4E W9 thiamine

IE
AEE

- 41 -

Ao 93] o= AL AXE HEE £
duldste] AFS o HS A 5 Qo] B AYJME FHAAZ

o
T=

%2

4



5l 389 thiamino] ©H& H|gRlo) Hldl] ZAEo] 71 FH& Ao = A}

2 9E Y5 T 125 ppm, E57F 72 UE YA 0.

Z 18U 7Rl A9 22 v &R A, AAFAZ] EE FEH Y riboflavin
Hl a4 QA SR 9 SR A A= A AT ALe 7FAZAA ] =55

2% AdF #SIHL 259 pHZF F716tE I &o] FolA F

E Y FRY ¥ EFE 9T FYF9 riboflavine] ©S Z

A
Agd 28n AR7¢ FU HEY £4E S8 & §F i o)

§ 2A AHEE 2 AYGAE AR BBA DEAA o} drd Y %
%5917 WEo] t g &40 Yojxtrin ArHT
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Fig. 49 o2 PVTFD-100 BAAZX7|AZ wE s4dx2EFE Al
ach. o o PVTFD-1009] | Z74L2 sample amount™ 100 kg, sample
dimension< 15 mm, initial temperaturex= 15C, freezing time, final
temperature®} freezing rate= Z}Z 490 h, -357C, 10.22°C/he|t}. Heating rate<
6°C/h, final temperature= 30T °]|™, drying time< 69.21 helt. o|8 A TH&9]
A T4 A E7% 18E Fol 11%7}F HEF 8BTAA FdFE AXT F
fig. 59 #o] S F2EZE A 3.

!

l Cold-trap cooling (Air temp -70C) l

|

] Yacuum l

!

0.01 torr I

!

l | Heating l
L
Endpoint

(temperature equilibrium between sample
and heating plate)

Fig. 4. Manufacturing procedure of fréeze_drying milk powder.
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Raw milk Starter

: l
Pasteurization Incubation
(72°7C, 15 sec) (43C, 6 h)

} l

Cooling | Cooling
'L [ L
Homogenization | Stabilization
(50T, 1000 psi) | | (10C, 24 h)

! |
Cooling(40C)

.mg . Storage (4T)
Skim mulk
|

Fig. 5. Schematic diagrams of yogurt.
. 278 2FEES AX

278 BUeE (F)uoasdo Mx BeZ TIWE T udR gkol
11%7} 952 85Tl BA42 AFH T 719 fig. 13} 2o] AT2ES A2
5510},

]
é‘ﬂf”oﬂfﬂ A Az HelH AFAR AALEE o8 AY. 99
3t F 10 g& 25 mL Vol. flaskd] FH3t3l 2-propanol 10 mLE #H7I3t & &
33t & 2-propanolg ARE3Ete] 25 mLE ZAF T A2 2087 XA E 1,
o]& 452 xgo 2 1087 dAEs o1 44 NS Whatman No. 542 &%
A2 o33 & Sep-pak C18(Millipore Corporation, Milford, Mass. USA)Z Al
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A3 AL A|FgLgAoz Al L5l HPLCE BEASYL. §IFEF8 4L HPLC
£ SFTd 9 5 g3 HUstn 9 TLd PO E AXB S 5% F 29
¥Fgdoz Algstgony EAd AlSH HPLCY =42 Table 113 72}

Table 11. Instrument and working condition for quantitation of lactose

analysis in reconstituted milk powder by HPLC

Instrument : Waters Co. USA HPLC

Column o Shodex Asahipak NHZP-50 4E, Japan
(4.6 mmID x 250 mmL)

Detector ; Refractive index detector

(Shimadzu, RID-6A, Japan)

Mobile phase , acetonitrile + Water — 3 : 1(v/v)
Injection volumn  : | 20 uL
Flow rate ! 1.0 mL/min
2}, A eEA
M e =L Hunter MAFA(Minolta CT-310, Osaka, Japan )& AM£383 o,
QTE2EE 4T 18435 AA4sHA 0, 6, 12, 18¥ 9 MEE ZA3l7] 9359
L, a, b valuesE 33 &A 354}

ohowd 3 A A BA

LTEEE AAste FU08Y) AAHAHE G TS A 2487 9
st Ay &3 2o EZA alumina 192 g& 54 08 mLol ¥ &
IR Ao 2417 HMAS L, FEFF 1 mLE test tubedll 231 ethyl ether 5
mL, 4 N H2SO4 0.1 mL, sodium sulfate 25 g& A2 2] vortex mixing &
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2A17F B8t gt o] £ hexane b mLE E£3§39 vortex mixersted 2,000
xgo| Al 587 AR 9t Small glass chromatography columnd] glass
woolS %3l E24 alumina 1 g& YA oA TEA £HYE small glass
chromatography column (ID : 5 mm, length @ 15 cm) o SFUU.
hexane-diethyl ether(1:1 v/v) 5 mL& X9 o] #AE 23 ¥ES R}, alumina
E 9d = 10 mL test tubed =70 & 6% formic acid® diisoprophyl ether 1
mLg Azbstdth. Ao 2000 xgZ 5%7 9A%¥E ste] microreaction
vesseld| X R3R[ow olF AFgRAeoRT Fog GCE BASAY. Gas
chromatography(GC)2] Z7-& Table 1201419} Zo] A& 3s}9lt}.

Table 12. Instrument and working condition for dissociation of free

fatty acids in milk by gas chromatography

Instrument Z Donam Instruments, INC, Seoul, Kor.

Column : HP-5
15 m x 0.53 mm 1.d. Nukol fused silica capillary
column(Supleco Inc., Bellefonte, PA, USA)

Carrier gas ; Helium 30 mL/min
Hydrogen gas 30 mL/min, Air gas 300 mL/min

Oven temp.- : 3 min/130C
9 min/130'C—53 min/220C
Injector temp. ! _ _ 2507TC
Detector temp. Z | . 250TC
Detector : | FID

Bh, 2] olu| =4t A 4

TE2ES fFHolnxis =437 43 AOAC WHE o]&3dle AFP3F
At A5 3 mLol &9 16% trichloroacetic acidE 7tsted 1587 &g
Wzbalar, 990 xg, 20C oA 1587 €4 £gstyg 459 2 mLE & 84
230 FHIld Z¢ A sy, PTC3  AleF(ethanol @  water

o
——l—_
X
=
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tricholoroacetic acid : PITC = 7 : 1 : 1 : 1) 40 uLE 7}3] vortex mixing3}
Aol 208 7} wX3t ¥ 719 AZR 3HY. o979 A solvent{(ammonium
acetate 0.77% + acetonitril 5% + water, pH 6) 1 mLE ¥ €33 A
effendorf tubed] 2ol 1770 xgo2 108 U4 RaEste dojd A=
filtering(pore size 0.45 um)3t] A|@-B Ao 2 ARIIATE Flotn| it &4
Table 133 2& 702 HPLCE Al&3te] 43ttt

W

1%

==
O

=
2

i

Table 13. Instrument and working condition for quantitation of free

amino acids

Instrument ; | Waters Co. USA HPLC
' Saule 250 x 4.6 mm
Detector - 'Water 486 Tunable Absorbance detector
Solvent A

(0.1 M ammonium acetate b_qu;er pH 6.0 : acetonitrile =
Mobile phase ; 95 10
Solvent B

(distilled water : acetonitrile = 2 @ 3)

Injection volume 50 uL

Flow rate : 1.0 mL/min

Gradient table : Waters 600 controller
min . A B - Curve
Initial | 100 0 *
0.01 100 0 | 6
20.00 50 50 6
30.00 0 | 100 6
40.00 100 0 6

6

45.00 100 0
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Table 14. Composition (%) of yogurt

Treatment”’ Moisture Protein Fat Lactose Ash
Control 7778 4.17° 0.98° 545"  1.05°
Trt1  7521° 341" 0.88" 556° 108"
Trt 2 74.34° 4.11° 0.70° 6.10° 1.02°

YMeans with column by the same letter are not significantly different

(P<0.05).
2)Contrml,, made by raw milk; Trt 1, made by freeze-dried powder milk, Trt 2,
made by spray-dried powder milk.
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st QFEES BEFHAZXERE AXT STEEE 4T
A 1847 AR S o Az wstE dolrR7] 3 Hunter L'(¥7]), ‘a'(=
A B(AM-3A) valueE &A% I+ Table 159 24

Table 15. Effect of color” on yogurt during storage at 4T for 18 days

Storage period

(day) Treatment” L-value a—-value b-value
Control 65.61* -3.12° 4..-583

0 Trt 1 60.12° -3.00° 5.48%
Trt 2 60.56 -3.00° 4.85°
Control 64.87° -3.12° 4.48°
6 Trt 1 59.02°" -2.00% 4.48°
Trt 2 59.18% -359° 4.81°

Control 64,51 -2.12° 454°
12 Trt 1 59.82° -2.91% 4.34°
Trt 2 59.48" -3.59° 457°
Control 63.017 -3.12° 451°
18 Trt 1 58.21%" -3.11° 4.34°
Trt 2 58.84° -3.11° 4.27°

. ] . -
DMeans with column by the same letter are not significantly different
(P<0.05).

2)Control,, made by raw milk; Trt 1, made by freeze-dried powder milk, Trt 2,
made by spray-dried powder milk.
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LTEES Ao A EFIXERE O& 24 2E9 vE AT F
Z Bfo do] #olE B gt L-value 5~ control A% 0YolA 18
A7HA 656.61~63.018 £EE SAHJL TEAAZERE AZXT S FEZE+ 18
d =<k 60.12~5821% &7 gz Az QFEEE A4F 09
o 6056~5884, ¥ FAZEFE AXF LFEE+ AHA 0¥ 7056~66.84Z
Mol Aol7t FHAZXERE AXE QFE2ERY A W37l vk &3
a-valued] 7% control2 189 E<¢F -3.12~-3.122 Al7to] Aux EUSA =
F QTE2EE -300~-31102 AHMS & ¢ o
A e) o 4ol met 544 Aole HolX|yh
A7 ko] Aakdtel wel Bl AR FoF Aojy VERA gt

1o
o

LTFEES BEAZERFZ AR SFZEE 4T
o} ¢ f-a A Ak (short-chain free fatty acid, SCFFA)
o) W3E SAT A+ Table 169 HEFHA T, @3] w2 Gy G, Cs,
Ciwl® Z} A& AF7ITel AHdEd+F F7H8R 1L, total SCFFAY control
of A$ AA 0dA A 10.3 ppmolA A 18Y Aol 187 ppml.E F7Fsl % 1L
ZEEEZ Axg QFE2EE 10 ppmol A 17 ppm, BEFAZESE A ZT
E+ 1 XN 261 ppml E BEFAZXEFE AR L FEZEV} %]"0

Q 9 ppmo
FEALNA FERAAZERE AR QFEEHT G fE A HAE 'Eg}Eko]
l

R
2,
32,
il
N
o
rX

FS Zu) QT2E 29 triglycerided] 2 g
1:1

o] A o5 AR B H fAUdor waste, d A
& QTFEE Qo] 4% Qon A7l Aol we F& 2Ert &l uf
g Aol Jhg B HEM FEALE A L oft-flavor A4 T FAA




AzEHE Az 2728 Fdo| ¢ F5actn AR

Table 16. Concentration of short—chain free fatty acids in yogurt during

storage at 4C for 18_ days

SFFA concentration (ppm)“

Storage
period (day) Treatment” C, Ce Cs Cio Total
Control 2.8° 2.1° 1.2° 4.2° 10.3°
0 Trt 1 35% 1.2° 1.0° 4.3% 10
Trt 2 3.8 2.6° 1.3° 3.2° 10.9%
Control 4.9° 3.7 1.8° 3.3 13.7°
6 Trt 1 3.7 2.5 1.8 4.1% 12..'1b
Trt 2 6.6" 5.0° 2.1° 5.9° 19.6™
Raw milk 5.8° 36" 2.6° 4.1° 16.1°
12 Control 1 4.0°" 2.7 2.7 5.0° 14.4%
Trt 1 6.9% 4.6° 2.7 5.7° 19.9°
Raw milk 5.7° 35° 3.0° 65" 18.7°
18 Control 1 45 3.3° 32" 6.0°" 17°
Trt 1 8.6° 76" 3.6” 6.3 26.1%

“Means with column by the same letter are not significantly different

(P<0.05).

2)C‘:)m:r‘:::l, made by raw milk, Trt 1, made by freeze-dried powder milk, Trt 2,

made by spray-dried powder milk.

_51..._



N,
offt
ih
Y,
IN
2,
>
g
o
i
0%
R
)
M
o
i

o

] €3 cream cheese® AX%

o fig. 79 WPoz AYAZRE AXr o] wWl  PVIFD-1004 ZH&
sample amount’} 100 kg, sample dimension<s 15 mm, initial temperatures 1
5C, freezing time, final temperature®} freezing rate™= ZtZ} 490 h, -35T,
10.22C/hol v}, Heating ratex 6C/h, final temperatures 30Ce°]™, drying time
< 69.21 ho|t},

| Sample freezing on sample tray (-30TC) l
Vo

Cold-trap cooling (Air temp -707C) l

l

Vacuum

!
0.01 torr

l—
Wl L L

Heating

|

P Pkl i L P P - i

Endpoint

(temperature equilibrium llatjztt een sample and heating
plate

L P S ki R i

Fig. 6. Manufacturing procedure of freeze-drying milk powder.
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A o N ; | Rennet (0.005%)
70— 1mn cr

reeze g miK pow CaCls (0.03%)

! |

| Recongatuted milk -
Curd cutting |
(85T, 11% (w/V)) | - B

l i, pH 4.77}#
.

Whey drawi
(milk fat : 1196) d e

| /

Homogenization Turning
(50C, 680 psi) Salting (196)

! !

_Coolingﬁ_m B _Pressi;g -
__(30°C)ﬂ N S_Z_O”C, 24 h) -

| ' |

_étaﬂer - B -Storag:e |
(0.05%) | - (4C, 0-4 w)

|

l Standardization

Fig. 7. Schematic of cream cheese.

U, Y ZF & cream cheese?l A%

Ao AgE BEAZEGZ %23 242 WE cream cheese: (32)uf <
7 2 TuWol FAY Fo] 11%7F HA agdo2 EFES

st A Zstgch 2 28 H  cream cheesed AzE 7} fig. 69 #om, o

. EHE A 11%2 ¥F3 A7
T 31 50ColA 680 psi oz FASRT 30CE YAAA 0.05%2] starter
culture?t 0.005%9] rennets FH7Iste Aol & F 0.03%9 CaCli ¥ 1AL
3] ¥ Fol cutting knife 712, A2 7tz 194 Adata 30CA pH 47
o] F wj7tA] of QA ZFE ¢ WA[SR T pH 4.7¢] HUS wl ©] o] Fe] Ak
22 JASy] 98] 45CAA 208 dXYE 2 wheyE HEF Fol 7

%?{I
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AR 53

HAEE A ARAE ol&std SAFALH, W2 d=d 2 Al 50
mg<= sample container® <13 spindle 1& ALZA(VISCO STAR-L, J.P.
Selecta S.A., Spain)9]] A2 & 200 rpm, 5CAlA AEE A4 A= F
A 33 yHEZ A AR

Hp, AT EA

Cream cheese®] M %+ Color meter(Minolta, CF2110, Japan)& ©|&3lo
=(L-value), ﬁ&‘E(aﬂvalue), A= (b-value) g FA3A2P, o wW AEH
calibration platex= L-value 97.83, a-value -0.43, b-value 1988 YEejj&= @A
EFHS AMESIAT. A2 FAAU MY AolE YEIW = AE(total color
difference)®| #< tw2 A& &3 GEFUHAH

AE(total color difference) = (AL® + Ag® + Ab? Y2 ceeninnn, eq. 8

A A BB E 23

Cream cheese®| AWA3EE FAst7] fstd A8 1 mgE A#FeH glass
centrifuge tubed] i 9 mLe 15%(w/v) TCA, 0375%(w/v) 4,
6—-dihydroxypyrimidine-2-thiol, 228} 0.25 N HCIS 7}sto] 2 =33t & 1
59t water batholl A boiling st¥ch &AL FHA] A2(20C)e 2 Y2+t
7000 xgolA 153
535 nmal A FF %

= T
- AR T F93 pink-yellow color A& A& QAo
] 513

g )
N
o
Ol
-_T..J

2. 9

N
o
jihs
_ﬂ,

FAURZETE AZXT cream cheesedWHAA#9 F4474E EFUZRERE
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A £33 cream cheese®} #°] Table 179 YeElA}. FE3FL controlo,

00.95% R 1L, = HAHAZEFE A X3 cream cheesew 57.14%, T AZEFE

A
Z 3%t cream cheeset™ 56.02% %\t ZX|HFE controlo] 33.06%3( 1, THAZRE
2 AR cream cheeseT 32.72%, ZHFAZEFZEZ AZ3 cream cheese:s

33.12%%ich webd AukdRe AR BAAN control FEAZEGE AR

8l cream cheese9} BEFAZREHFE A X3 cream cheesed YuryRo] z}o]7}

AA ol EFAREFE AR FAFL A= FHA Aolst 2A ¥4

3 ALz E

Table 17. Mean chemical composition of cream cheese

Con(l;::;?ent Control? Trt. 1% | Trt. 2%
Moisture 55.95° 57.14° 56.02°
Fat 33.05 32.72° 33.12°
Protein 8.46° 8.31° 7.97
Yield 33.0° 34.8° 35.2°

YMeans within horizontal by the same letter are not significantly different (P
< 0.05).

“Control : made by raw mulk.
Prt. 1 : made by freeze-dried powder milk.
YTrt 2 : made by spray-dried powder milk.

L, Bl _
Cream cheesed HlF2 =4 ¢ AH#E Table 189 YEHHUT. cream
cheese A|ZA] AMEH 985 EfT 1028%2M £79 HF WAL 1.027~
1.035%9] &3t AT FFe 1032%RThe BA Yehit $Rdz2Ree 9
E cream cheesed ZA# BELAZE A Z3F cream cheese KU H|Fo| F7}

AW FeH Hole A
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Table 18. Effect of concentration process on the change in specific

gravity of cream cheese

Treatment” Specific gravity®
Control 1.0685
Trt. 1 . 1.072°
Trt. 2 1.071°

1)Control, made by raw milk; Trt 1, made by freeze-dried powder milk, Trt 2,
made by spray-dried powder milk. |

“Means within column by the same letter are not significantly different
(P<0.05).

o} AL

Cream cheesed =42 54371 #38l9 hardness, cohesiveness, elasticity,

, A+ Table 199 YeERA Y. Control cream
T 2669.190A 4o+ 2311422 7 ZASE 7

¢S el Y 544 % EFE YE cream cheese? ZA$AAE A4 034

v 2137594 =4 450+ 190012 ZAHPAN REAZEFE TE cream

cheese Rt 4. -4 (cohesiveness)] A% SZ2AZ E7=

cheese®| 7% AZ7|3to] Ad4E F718F o™ controlitt & 7 &S e

Uag EFAZ BH2 9HE cream cheese9 gumminess+s

] 17
ol Wzl7t qleow FEAAXE EHE 9E cream cheeser B%7A

gumminessE ZA3Fow

cheese®] hardnesst™ 059

|

Z 7= g
+ cream cheeseol] Hl3l 2|7} @koy W A3S FAAT. 2 AFo|A
o TAAX E=E T cream cheese -$3HA0] AA 717F ¢ Wdto] g1
O A7 2 ALE Hol AR7|7E AA ¥ E W Ao A A
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Table 19. Texture propertiesl) of cream cheese in storage at 4T for 4

weeks
Treatme Stor-age _ . :
42 period Hardness Cohesiveness  Elasticity Gumminess
(wk)
0 2669.1° 60.5% 82.0° 28.6°
1 2589.3° 61.1%° 78.3% 28.2°
Control 2 2500.7*° 62.3% 71.9% 27.5%
3 2410.2"  62.9° 66.7°" 26.9%"
4 2311.4% 63.5° 60.1%" 26.3%
0 2137.5° 77 .4° 84.2° 341
1 2055.1% 78.0% 80.4° 33.8%"
Trt. 1 2 2050.1%° 78.6% 75.2° 31.0°
3 1997.3°" 79.2% 72.0° 28.9"
4 1900.1°" 80.1° 67.5° 26.6"°
- 0 1947.1° 78.9° Y 35.9°
1 1880.3% 79.8° 31.6° 34.82
Trt. 2 2 1827.2  81.0° 76.4° 33.6%
3 1758.5% 82.4° 73.2° 32.5%
4 1701.1%" 83.0° 68.9° 31.4*

YMeans with column by the same letter are not significantly different

(P<0.05).
?Control, made by raw milk; Trt 1, made by freeze-dried powder milk, Trt 2,
made by spray—dried powder milk.

Z2AAZ B8 2 UE cream cheese?l A#A 7]17be wWE Ao WHsIE YolH
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7] $18l Hunter 'L'(%7]), ‘a’'(HA-54), b (FA-FM)As 4% <
Table 202} Zt}. Control cream cheese®] L-#t< 75720101, §AUAX £
Z T9HE cream cheesee®] L-3t2 72210l BFAZ Bf{FZ 9E cream
cheese®] L-%2 7169t F2Ax E#FE TE cream cheeseed] L-3te A
F717tol AUHA ZAE 69.127F HALY EFHE EwE YE  cream

cheesee?| W3}=F2 716994 68122 W33t grEu = AQAtt X3 rednessE

3% =
2527} Hth EAAZF B9S2 wE cream cheeses -3.0191A4 -2.82% w3}
stion, BEFdE BFE THE cream cheesew -3.059A4 -3.0082 w33

M 7vR] BT oAl Aolzt glE AoE Hol Ef AFAL dAxdY #F-

Table 20. Effect of concentration process on the change in color” of

cream cheese in storage at 4T for 4 weeks

Treatment® Time (day) L-value a—-value b-value
0 75.72° -3.19° 3.58"
1 73.21° -3.13" 3.48°
control 2 70.26° -2.87° 3.21°
3 70.12° -2.64° 3.117°
4 70.04° -2.52° 3.08°
0 72.21° ~-3.01° 4.28°
1 71.23° ~-2.97° 3.52°
Trt 1 2 69.51° ~-2.85° 3.262
3 69.26° -2.85° 3.21°
4 69.12° ~-2.82° 3.17°
0 71.69° -3.05° 4.25°
1 69.01° -3.01° 3.80°
Trt 2 2 68.82° ~-3.11° 3.64°
3 68.16° ~-3.10° 3.51°
4 68.12° ~3.00° 3.31°

I] : » . pue .
Means with column by the same letter are not significantly different

(P<0.05).

2)C0ntr01, made by raw milk; Trt 1, made by freeze-dried powder milk, Trt 2,

made by spray-dried powder milk,
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af, A ALE

=) 943l % (thiobarbituric acid value ; TBA)= malonaldehyde° & =A%
22 malonaldehyde% A HE TS B FAESE AAEY, AYY =
7| A S Al A A ATEE EASs F83% 2ot MR FR/RY cream

cheese?] A|¥MAlslE A A= control cheese™ 0.08101% 3, FZE2AX EFZE
0

9= cream cheese?} 01201303, EFA X EFE ¥ cream cheeset
Z Jelgt §x2Z9 AEad= fEAFAF ek o wE Frisitan B
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S5 == LICl, MgCl,, KoCO3s, NaBr,
NaCl, KCle] 238 Hg olgsto] HASH L, o5 E3E8 N FAH|= Table

21 YERFH A

Table 21. Water activity of binary saturated aqueous solution

Amount
Salt Aw
Salt (g) Water (mL)

Licl 0.1115 300 g 170 mL
MgClo 0.3273 400 g o0 mL
K2CO3 0.4380 400 g 180 mL
NaBr 0.5770 400 g 160 mL
NaCl 0.7532 400 g 120 mL
KCl 0.8432 400 g 180 mL

B A¥o =AHAAYE sorption container, temperature control unit,
chemical balance, thermostat (Daesung, KOREA), vacuum vessel (A5 E %)
22 T4 ST, sorption containerldl ZAstE AUEEE Lxdstd o}
ot A FHERE 2R WHIES HAT AAAT7] e SHEAIZE Wd
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£ 7<= COST-90 S MIPAZl modified COST-90 FA71HE 83}
FH(R 5, 1996). AlE 5 g AEE AHFE7 AFHY B3GH) $71cd&
1

Nalimov® Raw data Analysisg ©|-83t FeAol JdAFHE HP<0.05)=

A AR F(Kaiser et al., 1972), S gtol Wi HAHLE AQidEste] wolAdo] ¢

A3 AAE wj7tA] Raw data AnalysisE HHEIPT HAgS dAT 229
O

AAGEAN FHRe] =28 FHER Y

2. A2

Zyzhe] FAAZRZAAAN AXAIZD B+ 20T, 307

C
ggeo] Eud FPFEPRS ZAGAT FFFREFS Nalimove] Raw

e BAEge A
ek 2 ¢ _
2d(eq. 9)& 24359 JERIQUHFig. 8 9, 10, 11, 12, 13).
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(Wolf et al., 1985).
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Fig. 8. Moisture adsorption isotherm of freeze dried milk powder
(FD100, FD300) and spray dried milk powder (SD) at 20T.
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Fig. 9. Moisture adsorption isotherm of freeze dried' milk powder
(FD100, FD300) and spray dried milk powder (SD) at 30.T.
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Fig. 10. Moisture adsorption i1sotherm of freeze dried milk powder
(FD100, FD300) and spray dried milk powder (SD) at 40T.
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Fig. 11. Moisture adsorption 1sotherm of freeze dried milk powder
(FD100) at 20, 30 and 407T.
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Fig. 12. Moisture adsorption i1sotherm of freeze dried milk powder
(FD300) at 20, 30 and 40T.
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Fig. 13. Moisture adsorption isotherm of spray dried milk powder (SD)
measured at 20, 30 and 407T.
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Table 22. Equilibrium mbnolayer moisture content of dried samples at

various temperature.
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3 &9 AT Az LY. gty o A7 d7ARE B
A9 At ARANTE BH 4 FEBAE 033-037 WA Y =
°© dAHL PO B £ Ya 2o SAAZ A AxTH YA WL

TE 3 #o] 3-6 g moisture/100 g dry solids He Adelsta @ Ao

t}. Isosteric heat AF&

22 higlesias et al, 1986). 8¢ @43 F5AQAARRAZ 3= ojuA

(isosteric heat)™ Clausius— Clapyeron 35 A(Eq. 10)& o] &3 Ar=34t)

Eq. 10& o] &8l 4&3 RS Fo wE isosteric heatﬂﬂ H 32 Fig. 149
A UEAT Z4Zte] AEdA FEFH 855 FHdgdE 244
Tt 52 AgY €512 A5 It isosteric heat?] R}O]t =4, SDY
35 4 g moisture/100 g dry solids¥ # 11 kJ/mol®] =2 AqYAE VeI
S} FD3002 2% 260 kJ/molZ 4ujA T X}o)r} DAL, HEY GRG0
14 g moisture/100 g dry solids¥ A% 35 kJ/molZA AFH o2 ZHAsA T

FEAYvs PSR TB) ZAVSE PFasgon £58 Bo] 2E

==

QO i
Il 2AHHTL YATh olg wE AFLe FRyo| AAHA FLYSE
PG FEL A A 0 B duAs aFHE Aolg ArE
. A% AFS AZHE HAo) o] GEAY FAFEHL ngow AEL
2 e olux Suel AaAolyd AFe FgAe 2% BIaF A
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Fig. 14. Heat of sorption for milk powders at various moisture

contents.
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64 FAFZRE ol§4@ ojolxaYPe Ax 2 ¥4
E X

ololxag HlAyE FAFSHIA AYE FHrbsto 10% AW, 12% FA1E
B 13% sugar® TAAIZ] & 01% 34 (monoglyceride), 0.3% <+ Al (locust
bean gum)E Y31 T35l 656CoAA 308 &< A#3AY. o|F FUE + 32
71{X-1030D, Ingenieurio CAT, M.Zipperer Gmbh, Germany)= 2 (9100 rpm)
S WZAAA 4ToA wx7](TOPS Misumg, Kolrea)i 6 AZF &<k nREA]FIH

A XA o]& freezer(BA 71 A, Korea)E o] 83 HlEF2E7F ¢ -6.0T
7t I=E 13 5243819 soft olol2aFBE ARSI 150 mL &7]o 5%
o 12 FA% ofAAH S -70TC deep freezero| A hardening A S F3l 23
S22 ottt

~70CoNA A3AIZ ofo]A2aPL -T0CHNA 24 h AF F 47 &=( -187T,
-30C, -50TC, -70C)NA 22+ 45, 85, 12, 165{"— 2 285 7+ A& sl AW
315 A3 o)

o} 4471t me deARA A7) W) 24

A A AVH5AHLE Min(1994)°] 7H“a13} T71&m FEHE AHS ‘5'}0:] o}
0|23 matrixZ2HE FLAAAE FEedon ALAFAV AU L o] &3
of d&ZAAHAE CCD-Camera (Panasonic NV 180)2 #33 ¥ 1 imagegE U
€3} st 2535} 39T} Computerd] U= ¥ A&+ Image Analysis System
£ o] &3l ALAAAE 4 2 2AFAL. B AT AgE dLAAA =
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QA 28L& Fig. 159 eSO
2}, air cell size B3} =4

Ao AAA Wi =AsE air celld 27|85 7P PHE ol &
0 O

AARAA A7l SAHAAM e Zo] AEE cold chamber W
A

BolA ofo]2aAYL 0TAAN LEE A5AA HEAZ F ofo]23Y matri

5o A5G0l 9+ air cellS stereo microscope systeml.z= #HZsR T Air
cell® CCD-Camera (Panasonic NV 180)% #Y3l & 11 imageE H A €3} &}
o 253} 39t Computerd] ¥=H x5+ Image Analysis Systeme ©| &35}

o] ¥4 3tk

8 Cold chamber

| M Digitalizer as—" 1

COD cameray-----oo-= o Iinage acquisitiop and analhyzer

Cryo-polarvizing microscope ..

B Ice crystal extraction . J
B R et -

Stide glass

e

Cryostat

Refrigerating machine

Fig. 15. Schematic diagram of 1ice crystal measuring and analysis

system.



o}, Color &4

E AFoA ololaragde] MEE= 324 AU 58 9 MAzHEE =
Fith. WX+ colorimeter(color techno system, Model JC801S, Japan)Z A}
el ofelxzde FWE FAHIRL BEE dEE L-3, Ad4x=E ve
= a-3kd FAEE dehlE b3 dehith M 939 713 434

Pl 2] melting test A3 & 742 S48 AT

o,
O

o
Ol

°
I

O

vF. Viscosity &4

AF717F &QF ololA=AH el F22 WHIlE dollly] Y s H ololA=aY
o] WrE2 ZAse wuadrl. A5 WA A2A(LP. SELECTA VISCO
STAR-L, Spain), spindle L1& ©j &3t 20T 8 EZoAM FAHES T

A}, Melting resistance(MR) &3

AR Fh ofolaAR e dEo AAAo| Y st WHEE FI
2 W37t dAst = olo) g A EE olo] A FE A BEY AHYE
LHEFY = melting resistanceE A3 AT. MREA S 26CTE 7R U+ &
2 chamber W49 %@"‘]i‘-@% 9 %8+t Mesh grid (mesh size 10x10
mm)oll olo]A2aY FAS AT F AFR 2#EI screend T3 "ojAE
ool A~3Y w29 FEAE chemical balance (GF-200, AMD, Phoenix, AZ,
USA)E T3l A3 s FA¥s e o) 189 71539 MR &4 ¥
HzxZ FAHEE ofr|3F Al7FE Initial melting time (IMT)3 vFX 2 80 g9
olo] A=A Yo] ZolH "ol o AQHE EAIZF total melting time (TMT)E
2}72y S Ao JERW I th(Fig. 16).
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4o el F2 mechanismol A isomass recrystallization®] A& 5t}
oA ZHE&F1 PSS <4 + AU

uls nm',
£

!
l‘k}

=T Min(1994)9] Ao ojstd 2% W3 E ol =79 A|7HL gL FAH e
AERE wE2A 7145 A 7= Qo FE3 olo]AAY matrixdl] H|ZEZSS
H3ts S84 ol S wad APAA AAAL /& A7E Qo2 Alg

€. Hartel(1996) & w29 duzoz FAAFAM vehies dSZAA
HE8HAHS A A7 #3<Q  iso-mass recrystallization, migration
recrystallization, accretive recrystallization®. 2 75 gt 5 £ %éﬂ
A dojus AZYE 9 A7A AZA7 o] HAn QEd, B A
AR E ¢ Zo] AAATNA] 4L VW Ao ALHY, T
e nEAS5e ol exe] Wse) Wit =7 WHHI] @R B B

doolEe met Y] A7 7F Z7F8FE migration recrystallization®] 9.9 0
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2382 403 m=E SAFJG. o]g3 &9 AU)E AALES A7t
mt WHslE A =d(Fig. 19), 7 HIE L 2 2

AL AFLE7F RETE TS & + %l?xiﬂr. -18TCo A 743 ofo]2z Y9
BT A 4 FAAME 753 mE 28 8 F FTolE 8m=E =715k Min(1994)
o] WE3E ofo]2AH Y shlef-life & F U+t YAZ7I(555 um)d] o)n] %3}
sttt -30Te A9 AR 4 FAdE 626m= Z718+9 1 AA 8 weekol =
701 m= ofv] 7] dAA7IET 17GMAE Frlete A2 ey, 2 A
ol ALEH ofol2a Y shelf-lifex -30CoA 4 F o30S <& 5= At}
E3E ol2lgk AL 50T, -70CAAX= Z4z Yo w3tz e -18CY -3
0CHT = ¢ 2dt. & 2571 volfd uat A& AZAF P of
o| A% matrixthell X &9 FAEEI} vl Aasln &S Yudn g
At B AlFel A3 E logarithmic regression®.& B3P E& AL tjex 7
< T84 Rd(eq. 1DE YENE = Y, o]ld i3 parameterE-& Table 23

X =aln(t)+ b «eeereeens eq. 11

m

X, 97927, @ kinetic A%, b A2" AE, £ A7) 7Hweek))
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Table 23. Changes in parameters of eq. 11 depending on the storage

temperature and period

Storage temperature (C)

Parameter -18 B 50 ~70
a 57.34 51.96 43.50 39.84
b 11.76 757 378 385
r 0.9905 09731 0.9732 0.8109

) 3 =
 27] AeAAA ArE Adstn 2 AWM dojy Ang 7%

2 o]lg3dd -18C AHZZAANME shelf-life’t 5 days A% A&H9:m, -3

0TS ZA9E 84 F A% AFHAY. -50CAAE 15 F, -70CAHE 20 Fo
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-50°C storage ~70°C storage

1ig. 17. Images of ice crystals due to different storage temperature

after 12 weeks storage.

- - Lrgeac,

-307C storage

-50°C storage -70°C storage

Fig. 18. Images of ice crystals due to different storage temperature

after 24 weeks storage.
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Fig. 19. Changes in ice crystal mean size during storage of ice cream.
U, AZL&Ee 7]7ke) wE air cell 7] W3}

olo] A=A g oA overrune ofol2AHe #[FTH EHL FT/MANAFE 98S
stth. &, olo]2Age R M4 Ft agl: ofo]AAgo] X& o
AFAE ZF7HNAFY. wEbA overrun® T FH YL ololA3AP AFA
freezerg &3 12 S48 o ZAF=d, dtd o2 Zgu|dgF ololA2ag2
100% A4 = B3 YtH(Arbuckle, 1977). Overrune 3 AR &719 YAES air
cell == air bubble] &3 dl=d otol2ay ANFF A3AAA Y Zo] AFL
=9 A7zl Wi} air celld =Zr]7F WE=H(Fig. 20, 21) %7 gE7E
371 ymZ YERRh o]& A F7|7re] Wl air celld] 27 FMEIREd, -1
8ToA AAE olo]A2=AYF9 air cell 271 A& 45FF 564 ym= Ve 0]
F A&Ho=m Friete BES YeERAUT  &7] air cell 719 B3 28] o]
& F71e Aoz Yeigt -30Cd ARE ofe]A2ayg L AR 45F 562 im
2 Z7H593 165 7 FAsts FAE YT Fig. 22). 28 50T 9
“T0CAME air celle] F71dAo] EZAHUeY a2 F74E L2 -18Tdl Hl&f %
RA JYEbgT olE g Ao 9L TS BdA FolE 4 dxeH, A #
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ru]m

AZ Age Wy 71d9& 4 QA F, air bubbled] =71 &A3l=H o}
238E 594 7ZlAFoR A" 4 QE air bubble 32N A3 =d Z
Zt AZzZANA WHeHJYGT AAEE= air bubbleo] & HAHoA B E

a 2719 W3t g A {4 FA X8 ¢ dv=d Ao F B”*HL
ofo] 23 YL WHIY XS HF A EAA U - Y5 2 TV o]Fe] #]
o EOE ar bubbled Z7|WEE FE dAuA wedn £ £ At @
ZA B Adde A3 ar bubble?] Z7|E olo]2AH L shelf-lifeE Z A =0
7IEo2 ALSE F UAT FAWS did AdH vuXER 288 F YA
=3

-18°C storage -30°C storage

..SO’C Storage "70°C storage

Fig. 20. Comparison of air cell size due to different storage temperature

after 12 weeks storage.
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-18°C storage -30C storage

-50C storage - " -70°C storage

Fig. 21. Comparison of air cell size due to different storage temperature

after 24 weeks storage.
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Fig. 22. Changes in air cell size during storage of ice cream at

different temperature.
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O AAEE9 7|7k ©WE melting resistance(MR) 3}

olo]2a g AZAYHY FAFAE ¢ F A¥E THF AEEA melting
resistanceE S8t YElE 4 o B AT A 243 MRS total melting
time% 2 Fig. 6-8, 6-99 ZrZt YefAdth. A& 271¢] 45F -18TAAM AF
3t olo]A~=mH % 1051 ming YEMYL 2%

t esE gase A%
A

1288 ming YEFWHATH(Fig. 23). o83 B AA7|zto] sodd45 S8}
o -18TC<2 745 A 1659+ 180.3 minZ YWelwtt), o]#g Age A=A
4
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0 . 0 ﬂffﬁ_
1 1801 3601 =401 7201 S001 1 1801 2&E01 5401 201
Time (sec) Time (sec)
-18°C melting curve -30°C melting curve
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-50°C melting curve -70°C melting curve

Fig. 23. Comparison of profiles in melting curve due to storage

temperature (12 weeks).
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Fig. 24. Comparison of profiles in melting curve due to storage

temperature (24 weeks).
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Fig. 25. Changes in melting time of ice cream matrix depending on

storage conditions.
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AL RS iy TN SRS SARAR B £ 4
th %, A7 B olo|2ae] Folge e WAo} o AR
c9Ee Aot =Y Mg o) *l% Fogva B £ 4gdA
B2 AL W A=Y W7 A fAA Folg Ve A
F2AS -18T -30C2 Uuhdth 53] -18CAMLES 4% A4 4T
8 mPa-sE UEHUNL olF A7 wek Frste FAE RAFUY
(Fig. 6-11). % -30CE A% 27, 5 BFANE & FARFE RTg
o} 50T -70CoAAME 28 & ¥HEsE HoFA gt

Eoh
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Viscosity (mEPas)
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Fig. 26. Changes in viscosity of ice cream matrix during storage period

measured after melting.
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gFWeo Mg 243dn olF 94A HE F olol2ay Uz Ao M
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60

Storage periods (week)

Fig. 27. Changes in L-value of ice cream in frozen state during storage

periods.

H-i8T O-37T 0 .50T H-70C

4 B 12 16 28
Storage peroids (week)

Fig. 28. Changes in a-value of ice cream in frozen state during storage

periods.
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B -18C o.-30C o.5T B.70T

Fig. 29. Changes in b-value of ice cream in frozen state during storage

periods.

| m.ssT O.3T 8.50T 8 .70
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Fig. 30. Changes in L-value of ice cream in melted state during

storage periods.
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Fig. 31. Changes in a-value of ice cream in melted state during storage

periods.
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Fig. 32. Changes in b-value of ice cream in melted state during storage

periods.
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