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Abstract

Ultra high temperature treated (UHT) skim milk and colloidal calcium phosphate-free skim milk were treated
with microbial transglutaminase (TGase), ultracentrifuged at various rates, lyophilized, and observed for mor-
phological properties with a scanning electron microscope (SEM). UHT skim milk showed small holes of as—
sociated micelles at lower centrifugal rates, and became thick and irregular, and fine particles were associated
regularly at higher centrifugal rates. When UHT skim milk with TGase was incubated for 1 hour, casein mi-
celles aggregated and broadened as centrifugation rate increased. When UHT skim milk with TGase was in-
cubated for 8 hours, casein micelles were associated irregularly to large aggregates and widened. Colloidal
calcium phosphate—free skim milk with TGase incubated for 1 hour and separated by two-step centrifugation
showed aggregated lump, while the milk incubated for 8 hours with TGase was associated with broadened,
compact, and regular layers as the centrifugation rate increased. Such phenomena were caused by heat treat—
ment, protein crosslinking reaction catalyzed by TGase and conformational changes of casein molecules, and
could be dependent on reaction time, temperature and ultracentrifugation rate.
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Fig. 1. Flow Chart of UHT skim milk and TGase-treated UHT-skim milk for individual SEM.
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Fig. 2. Flow Chart of CCP-free UHT-milk and TGase-treated CCP-free UHT~-milk for individual SEM.
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Fig. 3. SEM images of freeze-dried UHT skim milk pellet after step 1 centrifugation to which TGase was not added and
incubated.

(a): 5,000Xg skim milk pellet, (b): 10,000Xg skim milk pellet, (c): 20,000X g skim milk pellet, (d): 40,000 Xg skim milk pellet, (e):
100,000 X g skim milk pellet.
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Fig. 4. SEM images of freeze-dried UHT skim milk pellet after step 1 centrifugation to which TGase was added and
incubated at 30°C for 1 h.

(a): 5,000% g skim milk pellet, (b): 10,000x g skim milk pellet, (c): 20,000 X g skim milk pellet, (d): 40,000Xg skim milk pellet, (e):
100,000 X g skim milk pellet.
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Fig.5. SEM images of freeze-dried UHT skim milk pellet after step 1 centrifugation to which TGase was added and incubated

at 30°C for 8 h.

(a): 5,000 X g skim milk pellet, (b): 10,000 X g skim milk pellet, (¢): 20,000 % 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 UHT skim milk pellet after step 1 centrifugation to which TGase was added

and incubated at 30°C for 1 h.

(a): 20,000x CCP-free milk pellet, (b): 40,000 xg CCP-free milk pellet, (c): 100,000 X g CCP-free milk pellet.
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Fig. 7. SEM images of freeze-dried CCP-free UHT skim milk pellet after step 1 centrifugation to which TGase was added

and incubated at 30°C for 8 h.

(a): 5,000xg CCP-free milk pellet, (b): 10,000Xg CCP-free milk pellet, (c): 20,000 % g CCP-free milk pellet, (d): 40,000Xg CCP-free

milk pellet, (e): 100,000X g CCP-free milk pellet.
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Fig. 8. SEM images of freeze-dried CCP-free UHT skim milk pellet after step 2 centrifugation to which TGase was added
and incubated at 30°C for 1 h.

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

(c)
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Fig. 9. SEM images of freeze-dried CCP-free UHT skim milk pellet after step 2 centrifugation to which TGase was added
and incubated at 30°C for 8 h.

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