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Abstract

This study analyzed the physicochemical properties and rheology of frozen condensed skim
milk during thawing at 5 room temperature (20T). The viscosity of the condensed milk was
80 cps (21.5C) immediately after manufacture, and this value was decreased to 0 cps (21.
5C) during storage at day 7. The particle sizes of the condensed skim milk were 0.128 mm
just after manufacture, and 0.522 and 0.818 mm at days 3 and 5 of thawing at 20T,
respectively. Condensed skim milk with no temperature abuse had lower acidity than those
stored at room temperature on the 3rd and 7th days. Additionally, a sandy texture was
observed as the thawing period increased. Based on the comprehensive results of this study,
when frozen condensed skim milk is added to a product as a raw material, the longer the
thawing period at room temperature, the longer the ice crystals inside melt and become
water drips. Quality defects, such as weight loss, decreased pH, protein denaturation, and
texture deterioration, are expected to occur.
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ZAAFo] 1907ke] &, =] 191 A7k SAIE @ﬂ | 46.6 kgoll EFs131 oL, 2001doll=
LG AR 2340 B =] 1919 ?1; P RAIE AR 63.9 kg 715013t 2001doll= =4t
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$9 A7 AP SIeh SO R 9RE V1 ARAA HA| B E= AERE A
ASHAY, G B e IUE 555AY 9% B 5500 A% = AE 7S 71kt
of 53 S5 AEZ Axst] ket A4S AR AMEDL o 7E 55A1A 9RE
W= Al ZRA(1812)2F F=H1835)0l41 AR AL, FHH 02 AFe5 AeS tig 4t
gt A2 18534 ml=r FYEHFE 2R BEO)|A Gail Bordeno] -7 X5 AJEiolA 71E 5=t
of HEols WS WgotHA AREITH3]. S-Euetolil= 19659 AE&9-RolA 71ddaE
AYatetz] AR, 196749 FdR-AolN FRARE Aitetr] AlRbskyih

e 38 2 37 A5 o 558 S50, 7, 7IERAAR 7
AR vl 7K FRBoE v 4 AtH4l. s5fcondensed milkl= €Y RS FREACR
AASH 1FE T 7I18EH H £ 5HARK] fARLEA, BAZFoE fE-S AASK: 34
o] asktHs]. A FEEL U= sFPHORE 82 7 OE AAsk= S evaporation),
SHES WA0 2 A ASH= Tojireverse osmosis/ultrafiltration), $5-2 TARNE-S)CE A|A
Sl= 4% =(freeze concentration) S Al 7FA] ®Ho] QUoHe].

@A ol 5572 A5 AR 540 REI QU ABRP|A A e
FHE Azd 71 = FHA7 Fole B e J2Re =1l oy, #att ofolAad
59 98 BHO0R AL 55= AEE HH0E Ys B YRS Utk COVID-
19 AHE o] dHE = ¥ AR W7 2009 & o] o2 Hx| Zrlok= B UG AR
0150 Qlo] Yofdfol ol 51 e A=, EFART] B 5455801 Al
9] AE =9 EF 2 sSAIE0] JojeR &8 dijtes FEEk ik
£ AFolli= A2l Foll A= Yad BAEERY oty Hst 342 B ¥4 2
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1. EXSSR

£ AFE o] oto] ARAGF)oIA FAE F2 BASEF AlEE AFote] AFol AREst
Ak Fig. 10l BAs5R AlRTd= HEHIth T2 SM5E7 15 (AL medA A A
2017-25%)0l A, Al 71 1A 55 LAl 30,000 PIRH/mL)E ARolYleH, F8Ee]
7|(Disc Bowl centrifuge, Armfield Technical Euucation Company Limited, UK)Z
3,500xg £r=2 IHE Eoiitt. 38o] B A f+= 22 &{HH130T oM, 2=
oA & 35885y H27|(TVR, Wiegand, Denmark)E AR85to] A 5&R-E A|Z3}
FHEZEE 40%). 5571 5719 AL o] o2t S7IAEA] 454 (thermal vapor
recompression, TVR)™} 71414 ¢=54(mechanical vapor recompression, MVR)2.&2 £5&
Hrt. TVR 5571= S8l 9o 554171 BHeR F7we]7|ok ik 5719 888 =007
8l thermo-compressorg A2kolH, o] A4 6-10 bar?] EY7 F718 &2 APAES
Thso] 5 oA ST 25 JSAIA AAREShE HH419] 557101tHIl. TVR 55719
UL Fig. 20 UeHIth FY-HD)E B S0l das @9 SU71E B9l 7|41l 9 &
S71E7I(B)E Eo7ta, $718271(3)lA FH S71%= thermo-compressor(®)°l4 &
7100 SJsf] =2} o] A5Ee] A FL(@)E S5E= o] HHEEHA ALHoE &
SE= AL R FHETH10). AlRE BAsSH= oF 40T F53sHA 359 & 4
BA(180)E olEsto] HH=|glom, 315k 2/d2 Table 13 2t} AE= AREH EX55F
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Raw milk (1A) Bacteria: 30,000 CFU/mL |
v
Cream seperation Centrifugation speed: 5,800 rpm 1
v
Skim milk Fat content: 0.3%
v
Sterilization UHT: 130°C 1 for 2 sec 1
v
Concentration Concentration rate: 40%
v
Condensed skim milk

'

Freezing / Storage Freezing: —40°C / Storage: —18°C

Fig. 1. Manufacturing process of skim condensed milk. UHT, ultra high temperature.
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Fig. 2. The thermal vapor recompression (TVR) application in the evaporation and concentration
process.

Table 1. Content of condensed skim milk

Composition (% of DM)
. SNF
Moisture Carbohydrate+Ash Protein Fat Total

54.0 25.0 20.7 0.3 100.0

SNF, solid not fat.

4, pH

A 55F 2 Pe2AEERY 42 die gl o AAEE B7Isk] 98 pHE 5%
5ttt pHE pH meter(A210, Orion Star, A219, USAYE AREsIo] 451900, A7 &4
7 3714 pH buffer €9%4(Orion Application Solution pH 4.01 Buffer, 7.00 Buffer, 10.01
Buffer, Thermo Scientific, USA)2E pH %= B4 & 24319 on, 243142 250T, 147.0
mVollA] Z13gs}ct.

5. M= (viscosity)

FEY 2 B F A HIlE 27| o] AR SAl 557t ¥E SRS A=(200)
oA 3% 1, 3, 79} Bt A 8E ARESIGITE Fx &47|(DV2T LV Viscometer, Brookfield,
USA)E ARESE oM, 21.5T0A Spindle LV-04(64), 30 rpm X704 7853t

6. Xt 37|
AR Y YEAeS7o AedlE el nE =4 HekE Rlop] flst] sard
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BAE QR 7|5 2459t SAE AR =7|1= AR A(AM3113T, Dino-lite, Taiwan)
< AREsie] 225819 iR IS, TR FHIE 2 3R YA 2 4ES S

7. FIEE 2N

W52 A55R79 offs 5 D8E L780]9] F4E-S SIS Hlofl BAEER AR SA Al
o} 3 A2l 5 B sER /\]i ‘»fr*éﬂﬂ WYWHY] g 550 ABAES vy Bt} &
A0 A JAF T A|(Nicolet 6700, Thermo Scientific)E o]&stoH, 22+1)C, (50+2)T
R.H At 8504 sttt
8. HsHIt

%}E g71o AHEE BRI TSR AR SA BAsERY U5E BAsE R, 121 Y2 AE

SHE A=Q200)1M dlis 1, 3, 793 HHgt A5 ARSIt o WsE7ke] i &4
H 168 AFsla, BB/t 74 EAsSH MEY A color), 4HP|(sourness), 27
(mouthfeel), AA|& 21 7] =(overall acceptability)2] 57H4] =S 548 HHOoZ AP O
o, 1L ule vEny/okekt, 582w So/Adsith = Brkelgith

21 ¥ 1%
1. 48

O

Az SA GATETY ST Y52 AEERY FEeE, A=200)9A s 5 %‘*‘i
A Table 200 UeIth Az SA] BRI 55/ SRS 54.0%, $52AEER2
2 53.8%= A9] HP} glglou, A=(20C) she7dat daeoll whet AA; ZaEo] 7011}011
52.1%7H] ZEFES IRIsIITE AES YEA7IH Eo] st Fuj7t 371 I3l <k
9] 20| m|Hct Ty Fo| WAFAAU(11,12]5 SHok= AIZRS 25-358 oWz F5

A7 A0 B dA%0] Az Wi 9 ojFo] HdstA FAEEN 22 Y FE
St HasleEcky Asilrtl3]. W45 dhsotd Wi g 2750] Kot £o] Hof 9%
E &5, ol Td(drip@/dolzt itk =] ARl FA0 I AlEERAY gﬂlﬂo
&30 ofgt 2] - 2AQI st} o] 54 w/gol| o ‘?; J=l= Al 20| Hels H.

o] ZtaElo] doju= Aoz A=A QrH13]. E3h To] HAISH 89 &ofl= Tl HIE}‘L
ATt T2 4843 AJ=o] 23t of Qlo] Fnet 227 Aot 9 FF FHho] Tofgiti{14]. ol9
et A2 St 47t AaotHA ARH R asE WEEA 55 FR A AEH &

| oJaf A8 AoR AlmEL

_{Hmu

_‘EE.OE 1>

¢

Ol

2

2. CHHZ|

2 A ARE] de B SAlRl BAE 718 s whiido] nhE T okt

Table 2. Moisture content of condensed skim milk

Material Moisture content (%)
Immediately after manufacturing 54.0
After freezing (—18TC) 53.8
1% day after thawing (20C) 534
39 day after thawing (20C) 52.9
7" day after thawing (20C) 52.1
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o SRAE BT 7Fs7dol A2 Aol lttal Earsiglet], ol Aol slal hadE
52 9 shEste A AP E &3] ]lo] 2 4 kAl HugtH15). B, dische 5t
23] o] FU1ARl A e A9 7ivke Al24eh 3ol ol Tide] 7Rl &4ol
RIS HARIH16]. 4719 d7-adte] Sfst EAlsSE 2% dhE IS AAEA
L] A2 eH1710] 25 Thae] w/do] dofd Ao s e ¢ glont Aujmfolaz dgH
o= 273 2 AFgofle FOJAR] AolE BHT & Qjle, ¥EE BAEERE Shedhe
BgolA Thaido] Hat gelsH18]5e A BRISIAH. A= SA] BA] 5572 Se2A, J2
oA shE B3t LA EAeSR] B A S 2TE Fig. 300 BASIH. Alx SA Bk
SR $5EAEERY] BHE SREE 20.7%2 S UEAL, A2 dliE A5t Aol
T2k 20.6%, 20.5%2 4% e Si3lou #9] #elh gl Ao] 2RIEI:. ol 452 AEH
S} IpgollA o] G MR Rt 2ede] B Qlof] 2ohd Zow wEn, &% T4
ot il 2 Ef(drip)ol fEE W &% T3 ACoE Amdrh

3. pH

AZ ZA BRI Y5 2R 5351, A=2200)04 sl Aatded X559 pH WHsh
%k Table 3 9 Fig. 40 Uit AR SA] @A) 5579 pHE 645924, ¥58A55H
9] pHE 6.40°= Hopls gRIsIYIH o= AR W2 A2 $gojx] dio] 71dx oz
A==, g 29 Al et 23] olg 2 8 F 555 F79FCl gk Azl
hilZlo] WAH o RH pH ¥550] Aacly| tEos waEcH13]. A=20T0)04 shs F2d
o] w2t SAE5RY pHes 192F 6.22, 3921 5.90, 794} 5.00= YERWL. o] Zik= 4139
A9 543 sfis #7189k pH 32 IA TASHE 59 o 2l dAsiitH19,20]. 52

30 r

20.7 20.7 20.6 20.6 205
20
10 ] I I I l
0
A B C D E
Fig. 3. Crude protein content of condensed skim milk after thawing at 20C. A: condensed skim
milk immediately after manufacturing. B: frozen condensed skim milk (-187C). C: condensed skim

milk on 1% day after thawing (20T). D: condensed skim milk on 3" day after thawing (20C).
E: condensed skim milk on 7" day after thawing (20).

Protein content (%)

Table 3. Changes in pH value of condensed skim milk

Material Moisture content (%)
Immediately after manufacturing 6.45
After freezing (-18T) 6.40
1% day after thawing (20T) 6.22
3 day after thawing (20C) 5.90
7" day after thawing (20C) 5.00
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A B & D E

Fig. 4. Changes in pH value of condensed skim milk after thawing at 20C. A: condensed skim
milk immediately after manufacturing. B: frozen condensed skim milk (-18T). C: condensed skim
milk on 1 day after thawing (20T). D: condensed skim milk on 3" day after thawing (20C).
E: condensed skim milk on 7" day after thawing (20T).

2 S50 QIFt pH 9to) Fiaks v o Tl Siake] &4, WA ofs) AEY] ol F3o]
sgso] WSt Ao® Ausigrh2il

4. HT(viscosity)

Az SA| 5559 Y5505 F2200)00A e} 44 5572 M= H3l gk Fig.
590 YeRfQIt). AR A 52529 FxE 80 cps21.50)3o, ¥E5282 A2(200) 2
Z Ax 24 A7, 195} 40 cps(21.5C), 394} 20 cps(21.5C), 792+ 24 E7HO cpe)2 &A=
ek tixto g H7gst SRt fANFOE AlRH A Y9 SA 972 ES] Fx 24 A3t Az
ZA] 800 cps(21.5C), W& & A2 Bt HME 193 740 cps(21.5C), 394+ 680 cps(21.5C),
792} 560 cps21.5C)2 SHEGI A7) A8 23kE EYZ Ax SA] AR A= oiv] 3%
T A2 270N Td 22 ohy] 9 =99 Ao = Qle] Hrt WolAle A ERlstyth
ol $HE 7h5et AHES YadluS b WeiAlES ¥ Aurt Awrt WA yepdths 21
oF X FcH22].

800
780 740
600 r 4680
a
= 560
=
= 400 F
o
@
-
200 |
80 40
01\_._ 20 0
0 + .
A B D

Fig. 5. Changes in viscosity of condensed milk and additive-free stirred type yogurt after thawing
at 20C. ¢: condensed milk, M: additive-free stirred type yogurt. A: immediately after manufac-
turing. B: the 1% day after thawing (20C). C: the 3" day after thawing (20T). D: the 7" day
after thawing (20T).
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5. 2UXt 37|

WA TSRS 22000 s Al S0z 8 FARA] ohs gt % At
Y=o, s I Bg YA 271 54 AIE Table 40 BABII: AR g0z
S A Az SA EAsERE i8R A 271 0.128 mm3leH, WEEAEER2
e IR 271 0.388 mm, A2 ks 1, 3, 79 B AEolM= 42 0.459, 0.522,
0.818 mm= 2= 7|7} ARE A AEE ¥ Al WEHo] H2F AA AE22
2 e dsled), 92l AXE olre SEAY § 257t A5 sPdste IgolA Wa%
FHell #5719 201 A L71 w2l ol2Rt Al 9] WaH[23]19] Aol ofs HlEHe &4

Table 4. Changes in particle size of condensed skim milk at different treatment steps

Treatment steps Particle size

Immediately after manufacturing

After freezing (-18T)

39 day after thawing (20C)

L: 0.522 mm

7" day after thawing (20C)

L 0818 mm
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=3 M2= d2E 45, 25so] gl M-S ZafjohA Hctar At 5
17491 pH 4.6 F2o)|A casein micelles?] F+Z7} T =11 casein®| AAE=H|[24], AALHT
Z X509 pH7T 5.071R] ZABIAA] casein THEAo] HAH FEi= -34St A 02 AlmEct

—
|3

(o]

(o]
o)
1=
iy
rlo

6. 14 42 2M

35 2 ARA200) shs T Wase RS AR AR RS ERIg Ak Fig
6ol VeIt Tl B AR FEE 978olE 418 A3t human skin(91.31%)>castor
bean(86.26%)>zein, purified(84.78%)2] A2 FAHEE UERHIILE. dlls IHgollA HAEE &
H(drip)}2 Y5415 T, el 9 2714 5 P8R o e Zgtl ot dsAlEl
Hof| A159] £4 Aoprt @Afs] WAYSH25]. oI5 ol Wt slieS AXE oA wy=
T(drip)oll sl Thido] wi/dE A o= wtErt v, Wadt o IS AR G2 A
285 59 7712 EA4%E A3 nonfat dry milk(89.28%)>hemicellulase(80.37%)>lactose
powder, hydrous(79.18%)9] =412 FAKEE 9o, 1 Z3E Fig. 70l UeRHITt. o] £4
AN EYE 524 T AlZ 9 W24 ol gt Al &4 Zefot, Uoprt thldo]
AR A0S 72T AS SRIsKITH13). E3 o]efdt S84l AlEEE Q] AT} Tz o)
2 AL ALY B4EE AT 1 AR EY(drip)d] $7F gttt Efo] WAshH
5ol e T BlER], AR 59 YPE 9 T HAEe] AlEe] F4 B Hojy
= F8 HRlo] HrH13].

P

ol

=

Search results for: DJx|A|g

Date: Fri Nov 12 14:49:59 2021 (GMT+09:00)
Search algorithm: Correlation

Regions searched: 3494.44-650.06

| DIXAE \\\\/_,_\\Ff"_ o
90 \
80- \/\/\/\/\\/
uman skin (Iivi
Match91.31 W
1 Brand Name: unknown M

Castor Bean
Match:86.26 )
Brand Name: Organic Herb™———" AL —

% T

%T
o
S

%T
o
=]

Vein, purified
50 Match:84.78
CAS Number: 9010-66-6

%T

4000 3500 3000 2500 2000 1500 1000
Wavenumbers (cm-1)

Search results list of matches

Index  Match Compound Name Library Name
1199 91.31 Human skin (live) Common Materials
2 267 8626 CastorBean Common Materials
3 267 8478 Zein, purified Sprouse Polymers by ATR
4 110 8426 Wheat Gluten fluor Common Materials
5 100 8265 Zein, purified HR Specta Polymers and Plasticizers by ATR
6 153 8175 Hide Glue Common Materials
7 117 8069 DryMustard Common Materials
8§ 201 7676 200 speed flm emulsion side Common Materials
9 1001 7642 Grilamid TR 55 Hummel Polymer and Additives
10 484 7551 D-Pantethine anhydrous Sigma Proteins and Peptides

Fig. 6. Fourier transform infrared spectroscopy (FT-IR) analysis value for the particle of condensed
skim milk by freeze-thaw action.
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Search results for: ¥x/5%5

Date: FriNov 12 15:02:16 2021 (GMT+09:00)
Search algorithm: Correlation

Regions searched: 3494.44-650.06

\ Bissg
80

%T

60

fonfaf Dry Milk
504 Match:89.28
Manufacturer: Carnation

%T

|
|

Hemicellulase - from aspergillus niger
504 Match:80.37
Manufacturer/Source;. Sigma Chemical Co.

%T

Lactose powder, hydrous
{ Match:79.18
Molecular Formula: C12 H22 011

%T

5

S

4000 3600 3000 2500 2000 1500 1000
Wavenumbers (cm-1)

Search results list of matches

Index  Match  Compound Name Library Name
1 60 8928 NonfatDry Milk HR White Powders
2 139 80.37 Hemicellulase - from aspergillus niger HR Paper Materials Library
3 120 7918 Lactose powder, hydrous HR Georgia State Forensic Drugs
4 10  79.04 Enfamil Lipil with Iron Infant formula HR White Powders
5 8  77.09 Ambien Common Materials
6 304 7295 Black Cohosh Extract Common Materials
7 139 6945 Hemicellulase - from aspergillus niger Paper Materials Library
8 113 6741 Opium powder HR Georgia State Forensic Drugs
9 111 67.32 Dry Milk Powder Common Materials
10 188  67.10 D-(+)-Lactose .H20 HR Toronto Forensic

Fig. 7. Fourier transform infrared spectroscopy (FT-IR) analysis value for the condensed skim milk
(no freeze-thaw action).

7. #SHIL

55 HA)} EEAEER/B), A2200) 5 1¢92F FABEH0), A2 35 384 &
A sZHD), 25lE 744 EA5EHE)Y THsH7He 58 A= ARgsto] Agsiyor ¥
7} BI= Fig. 83 o] UERITE AR SA| BX55HAE HRE0E £ WIS |, A2
35 Aol 2 Mo o4 Aol Gl Ao FRIFQILE AlnlE iR A)7F 3.22 1

wow B71 3.3, C71 3.5, D7} 3.8, E71 4.00& di5U47} Zojd4E A7} 73514 A7
I G 2239 B9 R HA)7F 4302 949t AR 7HA AL Qlrkal He vk, B7t
4.0, C7t 3.6, D7} 2.8, Ex= 2.2 0= s 447t Aojd5E 27| Yt g}, ol
B 2 =gof 9fgl] o] fE, Tl WAl oJsf /3R ARk A717F HAF STl
o2 Zog woEn AAERI 7|Ske s Y4t AoldSE E2 7|5 EE HATHA: 4.4,
B: 4.2, C: 3.8, D: 3.0, E: 2.4). ¥&AE2 4 AEGs7t F45] JP=H HH Al Y ollA
THE FEe A9 2ATS WA HAR6), e Al EY TAYo] B2 RS & 4 QltH20]. met
A B At oS W2 7|5 Yehls A W IolA 49 BHo| FAek= AR
(sandiness) Z&o] JAol7] Eo = AlEHTH27,28].

B89 o= WEoR SAAHA Yi-E AR 71 YRt okt FYsH die
A7|=E 7 “RF(radio frequency) se7|&"& A-85HH 179 Bt} F42 AT = U=
B9k ope}, dige] AES DA SieAIE 5= Qo] AYH o= o877t FET AoE W
"ok I8y, 22 2o vlgy ¥ o] Tk 9lo] RF s E¢lo] ofe B9 ¥
ZdEioll At aiE-S ot TR(drip)2] A4St 2 ThlES viESt vviE A& 59 WS A
£ Zlo] HieA] dgsih Egh A1ES Ys B A] AES] HHES Hd AR A5l oto] 2%
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Fig. 8. Sensory evaluation of condensed skim milk after thawing at 20C. A: condensed skim milk
immediately after manufacturing. B: frozen condensed skim milk (-18C). C: condensed skim milk
on 1 day after thawing (20T). D: condensed skim milk on 3" day after thawing (20T).

A7 YEA] oA sfof s, 22 el Aoz QI FA| 2k Wk Al AlES] FE A5t
7} pdEet. wba HA 58 ARste] A WS 255 Y FAAZICH $EAEl
FE2 BER AHE aFRelA AEE 4 ke o= TIHEH

2 o

GA5Eg AEo] WS SE Tl AR ojsist 9 el EAusle] vhat Ak
Thest 2tk AR 24 GA5EGeL EEAEERe] S8 W 7o) glglon}, AHsIE(00)
19358 E8l(drip) B0 THE S8 &4 Wijo] SlelEigltt BT 85 B AN 2L
AAS olt whaie] WS Zefelglont ZRld Fekoel= folel Jolh gigih
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