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Factors Affecting the Changes of Ice Crystal Form in Ice Cream
— Quantitative Evaluation of the Shape Change of Ice Crystals by Using Fractal Analysis —
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Summary

In this study, the shape of ice crystals in ice cream was quantitatively evaluated by introducing fractal analysis. A
small droplet of commercial ice cream mix was quickly cooled to about —30°C on the cold stage of microscope.
Subsequently, it was heated to —5°C or —10°C and then held for various holding time. Based on the captured

images at each holding time, the cross-sectional area and the length of circumference for each ice crystal were

measured to calculate fractal dimension using image analysis software. The results showed that the ice crystals

were categorized into two groups, e.g. simple-shape and complicated-shape, according to their fractal dimensions.

The fractal dimension of ice crystals became lower with increasing holding time and holding temperature. It was

also indicated that the growing rate of complicated-shape ice crystals was relatively higher because of aggregation.
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Fig.1 A model of metamorphoses process of ice
crystals.
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Table 1 Sample composition

Constituent Amount(wt%)
Skim milk 10
Sweet butter 14.5
Sugar 10
Corn syrup 8
Stabilizers 0.2
Emulsifier 0.15
Water 57.15
Total 100
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Fig.5 Time dependent change of the fractal
dimension of the ice crystals in ice cream mix
at the frozen storage; dc/\, dsA at -5 °C, d¢
O, dsM at-10°C.
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Fig.6 Time dependent change of average radius in
ice cream mix during the frozen storage; dc /s,
dsA at-5°C,d:[], dsM at-10°C.

33

5. £¢£8

TAAZ U —AhIy 2 AROKERDOEIEL
k%, 777 2L FEERAYV, ERAICH
T2 LNTE. SEDERERICL-T,
TARZ Y —AL3I v 7 APTERLIKERD
ErRiL, RFEEICLYEELT, RERE
BEWIEEEBGEEN W ERbhot.

6. Bt &F

AERFRICHI-VH o IOt L OT7 KA
A AEWEEE L-WBRLE (B BFREN
WCEALE L EFET. AR (M) Be
WMELOBRIZLZLOTHVET. LL0E
L L EFE.

7. X W

AHFIE : [R5 EH T AMekbdbbiir),
W4, B E (RERIE - AR ,
pp. 239-245, A T A7 +—F A, (2000).
W. S. Arbuckle : Ice cream, 4™ ed., Van Nostrand
Reinhold, New York (1986).
BWHEE: (T4 27 ) —b08E),
pp.55-58, JEHK (1996).

C. Clarke: The Science of Ice Cream, The Royal
Society of Chemistry, pp.76 (2004).

Eir, @mAEDF, ED¥, SHAME7E
A A& S TSGR CE, pp.67 (2006).
NREEF, DY, M, sSAR: &
258, 23(3), pp. 299-304 (2006).

0T, EDF, SR TRk 15 EERZEHR
#fi, pp.337, f&ME (2006.10).

BEFRH (772720, ppl-70, HAE
J& (1986).

T. Hagiwara, H. Wang, T. Suzuki and R. Takai:
Fractal Analysis of Ice Crystals in Frozen Food,
J. Agric. Food Chem., 50, pp. 3085-3089(2002).

1)

2)

3)

4)

5)

6)

7

8)

9)



