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Abstract

Microstructure of milk powder and cheese made from milk powder were observed by electron microscope.

Freeze dried milk powder showed apple-like appearance. The cheese made from freeze dried milk powder

had relatively flat surface and homogenous deposit in compare with classical processed cheese. Imported

milk powder also indicated similar surface as well as freeze dried milk powder, however, the cheese made

from imported milk powder had somewhat coarse surface structures with the spaces between casein matrix

and debosit. Commericial milk powder showed irregular shape in size and coagulum which were possibly

denatured in the course of drying. The cheese made from commercial powder indicted irregular and small

deposit and porous structure. The porousity of the cheese seemed to be influenced by the degree of heat treat-

ment. Denatured protein would be less dispersive than native in presence of polyphosphates. Fat globule and

protein micelle of cheese made from skim milk powder get very adjacent to each other and showed compact-

ness of micelles. It is thought that melting mechanism of skim milk powder was different from the melting of

typical processed cheese.

73

23

L
A

Y4B cheese (processed cheese, melted cheese)
1910047 Fralell4 @ ste] HAAHes 2
ol Fz Fristn ek f-elvtefol s HAE B
{t %ol wel cheese o AAbg Al obstit Uk

£l

ZA3 Aagdstedol4 & Aol 2ok Spray —dried
Ffroll el Hzz Az £F dAe 2~20u o
2715 Z3 FE4o| 9+ FHF2E A Aot

sholeh®Y ek x| 2 SEM (scanning electorn micros-

cope) AHR oA Frlo) 27} ulHg FEFZE F
noke) T2E b9 instantP 9} UHFEF Abold £

>l

spol 7t glont wile] ZEiel Aolst gl B3
912 SEMol A ¥55 oz HEE e

E

ActElgd S o) 23 AL Fuo] gokn FF” U4F
2504 Az E/E FEAEHE mediac] FAMAAE

279

TEM (transmission electron microscope) 2
g A odxe] Gzt FHEd s iAo
ol 5] 72 & Aok Spray ~dried ®
Ex)u}o] 10%ut BAsted SEM oz adg Azt

: e fAluel Telol Fas
°J?<}»\H°“ 7‘1‘”:1"3_ —Z‘-Zﬂﬂql
71

LA

o.F
AN
Ea i)

gelol o] % wgtsta g - Lactoglobulm LR
asdctt e q Az 7% 2AL

pH 42 ZAAAFE glucono— § —lactoned 7}
3 7Z+E AAE SRS drlFdor Wl AR
gl ®} casein micelle® A AL micelle27}9} ion 7
=, QtAAe % 9 ¥x a3 pHl whgt ZekA
chx stk B FFE o] &dte] 50% ¥ES gel
2 19mm A7 9 tubeol Po] 7G5t FEE Sl

5]l on] vl SEM o2 sl " ultrafilteration

o
i

o}:o o

E

&%



280 TR - LFE—

o ofstd FHIYAE F535l] SEM2z A5 A
c}* TEMoll 2]l casein micelleo] €& goudaollA]
200~600nml Aol B8F $&A EAstdl A2
A 20nmz A B FAEAH" KK &F cheese
+ 20~25uE 272} protein matrixo] 3ljz H
particleo] 24313 K cheesedll 4+ 7! net— work
Zre strand7b YEbstoha shedeb™ 4 E SgAHEe 7
7] 2 Al 8§ cheesed Eela A Ao dakg 7x
zut &-gA 7kl Frtel whel o % wicksln mkHA
Qe zAL 23 fatmass 2718 it F3 5] Frt
7} SEM3 TEM o2 slqlsigdct™ &-§ cheesed] 24
Zopu RS Hrpsled SEMell thE rennets 247l
F caseinate® ZAslE ¢4 textureE instrono 9

spof AFR A3 FUMAL AR RIUETZE 7

LERE SRR

A2 BEE A3sAckn ook’ Lees™2 TEM
7 SEMol 9j3led zt3 TiEsgge] golodl =& 23
pokgs st & polyphosphate% FE3 &
£ cheese HHE S FAEA 244712 Aut7E @
FlLA ek shgiet

% dFe $2utel cheesedl 2o S4% AFE
bste] ¢l 7lEol Ay YAUHE FLF AU
cheese AHS Hste] Hf2 ojfo] LRyolL
S4¢%F dojube HstE $AHez AxHe]FL

Baalgich

fu el drodd

HH L FiE

ARSIIRIBIL S 26
#mEo] gt "HAERE 27 Hdstd AT UF

_

. SEM micrograph of
freeze dried skim milk
powder

a—b powder
c—d cheese



Vol. 16, No. 3 (1984)

£ cream separatoroll4 B zg ¥ %4727 (Rik-

U

akika Co., Tokyo) oll4] 7 Z3}o} *]i At
BBER3L
a9fel AlLEl 55 1983 Aubrlol wolsl eia

SRk ATEA R (AM) & 44 obof Apg el

pe:d b

Cheeseoll #7lgt odo) Hrbegre 3y9elgiony 7+
A2 ¥EL mono sodium orthop hosphate{wako, EP)
2.5%, di sodium pyrophosphate (Benckiser — Knas-
pack, Food Grade)50%, tetra sodium pyrophosphate

(Junsei, EP) 10%, sodium tripolyphosphate (wako, EP)

20%. sodium pentapolyphosphate (Benckiser — Knas-
pack, Food Grade) 12.5% 2} sodium hexametaphosp-

s e wiEg

x| =2 MMIHEE 281

hate (Junsei, EP) 5 % o]}

Cheese $i%

9l 27¢, LictE 3 g3 butter 27g 18l 3 ¥ 43mlE
meted #ER ol 100ge] HA Gebs mub7] (FA o)t
ajoll §&719 oil bath® #HAste] 100TeA 104
b 150rpme 2 £g35ldt. £&F  Aluminum foil &
Lsto] 2441 7F Aol wAd § sz sielch
47% B 5ol 51% B BRinkt)

ERE FRRMYSE

Cheese® 2 5 X5 X 7mm Yt oz #AE oS3
% glutaraldehyde##% 0.1M phosphate buffer (pH7.2
~7.4)9] gol 4Tl 254 7b-5<t HiEIEA Ut o]
41 &% 0. 1M phosphate buffer® 5w 423 g

SEM micrograph of
imported skim milk
powder

a—b powder

c¢—d cheese



- 282 FEM - LF—

1% 0s:0.(0. 1M phosphate buffer)oll Fo] 4 TollA
24 7He<t REAEA LS. BEAZ #E S ethanolol
& dobEeh 2% critical point dryer (Hitachi
HC cp- 2)2 AzZAZY £HA8c 49 tape $ol
55 FUF A o] wpedol A A g R
HE 2ol Y o] £FF HKE ion coater (Eikol
B -3 Ion Coater)& coating A1 71 ¥ Scanning ele-
ctron microscope (Hitachi S— 450) & 15KVeil4 3
#aioich

AR TR
5X5X7mm Yoz AE HAKE 3% glutaald-

ehyde (pH 7.4) 2 BIBIEZE 1% 0,0. pH7.4) =
®EE SRR FAAH]] Yog ethanole] w4
epon B E A A BEYH L 2504 uranyl acetate

$34F 5} a5 7)

9} lead citrate® “E#BEIF Hitachi— H-500 & 9

transmission eletron microscope2 23}

R ¥ %

2+ AdolM= SEME o]&3lo] 529 cheesed
Fd7+zE #Asl2 TEMo| 2t cheese®l Pkl
EE fAsAct F4 AzERe o] 5z Az

cheese®] SEMA}&lo| Fig 1o veh} glch  @isss
e Aol o S0ud e HEe KFe 1 ¥
of #&¢ o ze e xEs FASAYG Ee
Wi Soll A= oleidt Y YRt Al mekg ey
2, &k@el #gskel el 9le A2 Buma'®$} Bu-
ccheim™e] #AF A} FAstddt. (Fig. 19 a9b)

FAZZE ¥F2 ZAZ cheesed] TF2E AYH

Fig.3. SEM micrograph

powder
a—b powder
c¢—d cheese

commercial skim milk



Vol. 16, No. 3 (1984)

ol #B8 cheese'"oll4 3} el vlmd MUY F=5
7tA vt chees2fFmel T3 FAbslol e W42
e B3 5+ A olg{gl AHEL Lee 9
Merson‘™ ol g FH=hiAe J=HEH o}F §4
gt (Fig. 19 c9 d). olg2 FAxhal o] ultra-
filtrationoll 2ld}o 2 2lgt % caseini} 4o]A] gelg ut
e W FAGHAC] oleigt 4L ehisich &
59 SEM 2 Atz vehix| got, FA4AA
= 2 mokol A FAsA) (Fig. 2 o asib)

Cheese 3 HAAI L FAH Moz ZHHZ cheese 9 H]

a®

b

Zsht Exlo] Mo Ao wolnf, oArlME AL

Bismile ME 2= MANGE 283

B chEuh FARAAY YA gl Ao FUsl ¢
Absle Qlan, FAAzE FHoldede ohE casein ma-
rix®t AHE Aolol & & °I-r1 At (Fig. 2 9
ot d) U A3 LA EHFEE ¥R 9
27} F8e] ob):, Eokol AR oh 71 o}
ctokabod ok, (Fig. 39 ast b) ol2idt AL w4
A g A AL dehdlglch of At
v 48hg AT oldE WAooz ol aqlw
sho 4 318% el Cheesed Twidze
wofol ofF FHA ST AWEARL Yot AL
1%0] ¥Zslo] YT FE cheesedch MTLiEel &

gLl

oL,
L o fdn ¥

Ha A

LT

N
& o

TEM micrograph of cheese
freeze dried skim milk powder
: imported skim milk powder
: commercial skim milk powder



284 FEH - Lx—

#Aeg veb} glet. (Fig. 39 et d) FAA= ¥
2 ZAX cheese® SEM3 vwlmsld vi$ o] AH
e Fz2& el o[ AL HAE il o] WAz
A ot clhwl Ay o} polyphosphate ol 23 whwid F-4t
ol | &zHql HAog vojAlch MEMEE Frlol ut
2} #iflikol Frhsle Aoz ¥lrh CheeseS 9 SE
Mol 2 ke LeeS ol B4 HY A £§ cheese
e g 2 gao| olF thzuz FReie HYH
9]l cheese®}¥+ Tt} mechanisme @ £go| Adojriz
e olubA ol gelJ—" FrARSH A__g_ Nolc},
bAoA it ve Heo wel E§9
2ok cokaiale Aeg Mol Cheesed TE
Mo 2 caseins micelleo|} b, u|dFS
sledl £ge] sk
AYZE 32£9 cheeseoll4| TEM L cheese Zhel
Eil 7}°|—§— '414‘4]7‘] %otct. (Fig. 49 a~c) &4
cheeseoll Al A3 A=<l

o o

o

o
P o
o oo

i

< e
s
L

b
>

i X
oL Hu e w oro Lo
o
1o

FEE Sl ’4"‘4 °]’é‘°] LR Zd\:_"ﬂaﬂt ‘%‘*&T—;
Bf o B2 A28 cheesedlAw o}F A
H AL Ul S #Fatoly 2} protein matrix £ o} F
ADEA debddet

L3 §)

FF9 2R2 A=H cheesed MAIMEEZ A &
fgEol osiA Asiglch FAAzR Ehe AFdRY
Lefuigich EAA= 242 A 2% cheese: A

H Al 2§ cheesed} B]JL de] Ewde] F27 vl
5 i

32 do & oot o
A
3\_
t
N3
"3
lo
=
n
=
o
-3
o

o alo
£ ¢
n
£
32
L
i
2

cheese?] AFAE F7H71& A
cha e wAdgla oko ciul 7;}5'_1:} polyphosphate
olgh Al Ealxo] o faEel Aoz weld ¥
W= A2 cheesed] WHTZoNA A w722 casein
micelleo] A& Al &§ cheeseoll vl obF A3

24 Z343)%)

9l csein micellec] o} U3 FAS vhehldch
$2 &% 7135 HE #Hal cheesed] &§FHA= o
Hog Hld

fu e

x ™

1. Kieferle, F. :Deutsche Molkerei— Zeitung, 82,
1644 (1961)

2. Buma, T. J. : Netherland Milk and Dairy J., 25,
123 (1971)

3. Buma, T. J. and Henstra, S. : Netherland Milk and
Dairy J., 25, 75(1971)

4. Saito,Z.:J. Dairy and Food Science, 29, 101 (1980)

5. Saito,Z.:J. Dairy and Food Science, 31, 215 (1982)

6. Buccheim, W. :Scanning Eleciron Microscope,
3, 493(1981)

7. Buccheim, W: Food Microstructure, 1, 233 (1982)

8. Harwalker, V. R. and Kalab, M. : Scanning Elect-
ron Microscope, 3, 503 (1981)

9. Glahan, P. E. : Progress in Food & Nutrition
Scince, 6, 171(1982)

10. Kalab, M., Voisy, P. W. and Emmons, D. B. :J.
Dairy Science, 54, 178 (1971)

11. Lee, D.N. and Merson, R. L. :J. Dairy Science,
58, 1423(1974)

12. Kimura, T. and Taneya, S. :J. Electron Microsc-
ope, 24, 115(1975)

13. Kimura, T., Taneya, S. and Furichi, E. : Inter. de
Laiterie, F, 245 (1978)

14. Taneya, S., Kimura, T.,lzutsu, T. and Buccheim,
W.: Milchwissenscharft, 35, 479 (1980)

15. Rayan, A. A., Kalab, M. and Ernstron, C. A.:
Scanning Electron Microscope, 3, 633 (1980)

16. LEE, Y. H. and Marshall, R. T. :J. Dairy Science,
64, 2311(1981)

17. LEE, B. 0., Kilbertus, G. and Alais, C. : Milchwi-
ssenscharft, 36, 343(1981)

18. Z=EH, HFE, KF—, HEE 3 F4934,
26 (1984)

19. Reynolds, E. S. :J. Cell. Biol., 17, 176 (1963)

20, FHF— @ adrke BRI (1984)

(19841 5¢ 7% A4)



