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Electron Microscopical Property of Transglutaminase Added Milk
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Abstract

Raw skim milk and colloidal calcium phosphate-free skim milk were treated with microbial transglutaminase
(TGase), ultracentrifuged at varying rates and were observed to contain textural properties using a scanning
electron microscope (SEM). Skim milk showed irregular signs of conformation at lower centrifugal rate, and
associated regular (10,000 Xg) and thin with broad holes (20,000 Xg). The associated texture became thick and
irregular (40,000 xg), and fine particles were regularly associated (100,000 Xg). When skim milk was incubated
for 1 hr with TGase, casein micelles aggregated and broadened as centrifugation rate increased. When skim milk
was incubated for 8 hrs with TGase, casein micelles associated to large widened aggregates, and were associated
regularly which then became irregular (100,000 Xg). When colloidal calcium phosphate-free skim milk incubated
for 1 hr with TGase showed no sediment, the milk incubated for 8 hrs with TGase associated together, yielding
broadened and regular layers as the centrifugation rate increased. It is assumed that such phenomena could be
caused by protein crosslinking reaction with TGase and conformational change of casein molecules, as well as
dependencies on reaction time, temperature and ultracentrifugation rate.
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transglutaminase, bovine milk, scanning electron microscope, ultracentrifugation
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Fig. 1. Flow Chart of raw skim milk and TGase-treated
milk for individual SEM.
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Fig. 2. Flow Chart of CCP-free raw milk and TGase-
treated CCP-free raw milk for individual SEM.
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Fig. 3. SEM images of freeze-dried raw skim milk pellet
after step 1 centrifugation.
(a): 5,000 x g skim milk pellet,
(b): 10,000 x g skim milk pellet,
(c): 20,000 x g skim milk pellet,
(d) : 40,000 x g skim milk peliet,
(e): 100,000 x g skim milk pellet

1) EX|7oll TGaseE 71510 1A|ZH BISAIZ! A
20| FAL MAt HO|FH ey

G2 ol TGaseE A7lske] 1417 93217 &
AR FAES FAF A4 @rdes a3 AL
Fig. 48} Zro] ehsth

TGaseZ H7Fet WH-AIZ] 734 5,000 xg= &2t
NEE 7Y fAECl AWHCl & AT Ha)
10,000 xg2 fA R T A gE T 2 A o
AFge] B3E o] F2m(b), 20,000 xg& AHFEZE Al
B2E 7R gAEC] HolAEA & & F3ATHe. 1
2|31 40,000 xgZ A LT A% 7ML dAEl W8
B2 gojgjdA Hay Evadez s A1)
100,000 xg= A4 EAF Al8E 22 7L dAEC] Y
Zdo] #dglE AMFE FHHE EXHA e o
2ol 27E Ao GAEE F7FH-E0] EAHUTKe). ©l
B8 e A FollM Vet FAF A dnld A 545
vlms] B B R=gA I¥E Ao gzdch



EdAZRHRUAS B S5 AAANAH By 353

2) e X|foll TGaseE 75101 8A|ZF BHSAIZI Al
29| FA MAL HO[HAA HEY

2R o) TGaseE H7Vete] 8AIZF ¥HEAIZ] 79 AL A
2 PulAo g Badk A4S Fig. 59 Zth 5,000 xg2
A 823 A8 FHAQ YAEe] B 33 o] F3 A
oui(a), 10,000 xg2 YAREZ A B A& 5,000 XxgHT}
Z o FEA R TR YAFEC] B FFFS o] F2
ATHb). ZLE]3 20,000 XgR FAEE T Alge HF
UAE FHAQl PArEo] WA HAHAHA F& o] &3 AL
™M (c), ©] 21 240,000 XgZ P4 EE S A|ROAME &
AFBIATHA). &, 100,000 X g2 A FE] 3 A|5ellA] F1A|
A JAEC] FFste B Hoz EA e e #
28 F AATHe). o AFH= Hol x| fro] TGaseE
Ar¥ela ATt 2nd e S50 dojRlel w

24 mAATe] FAHC] S AAE Fejed 7z

kl
£l B o
rio
ikes
g
o
o
i)
™
o
1o
-
=
[l
A
rek
a8
o
2
1o
e
ook

2] CCP-free milkel] TGaseZ H7lale] vhgAj7l &

= & AAEY FAF AR Al o) &
’373-& Fig. 63} o] YIS 5,000 xg2 A4 EE]

7% 74AQ QAE0] A 38 o] R A

od E7FHA0|UKa). AAE FE7} 10,000~
20,000 xg= F7¥gel wht FHAIQl YARES 242 33
of BA BHAA dAEA F& FH3ATHD, o). Al87t
40,000 xg& P4 EelH AfM e AL QAo & F
I A B3 e 2235 FASATHd). $H9, 100,000xg =
AAEZ A BN E FHAIA dREC] vl WA HA

L
N> B

=]

Fig. 4. SEM images of freeze-dried raw skim milk pellet
after step 1 centrifugation to which TGase was
added and incubated at 30TC for 1 hr.

(a): 5,000 x g skim milk pellet,
(b): 10,000 x g skim milk pellet,
(c): 20,000 x g skim milk pellet,
(d) : 40,000 x g skim milk pellet,
(e): 100,000 x g skim milk pellet

Fig. 5. SEM images of freeze-dried raw skim milk pellet
after step 1 centrifugation to which TGase was
added and incubated at 30T for 8 hr.

(a): 5,000 x gskimmilk pellet,
(b): 10,000 x g skim milk pellet,
(c): 20,000 x g skim milk pellet,
(d) : 40,000 x g skim milk pellet,
(e): 100,000 x g skim milk pellet
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Fig. 6. SEM images of freeze-dried CCP-free raw skim milk
pellet after step 1 centrifugation to which TGase
was added and incubated at 30C for 8 hr.

(a): 5,000 x g CCP-free milk pellet,
(b): 10,000 x g CCP-free milk pellet,
(c): 20,000 x g CCP-free milk pellet,
(d) : 40,000 x g CCP-free milk pellet,
(e): 100,000 x g CCP-free milk pellet
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