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Effects of Kinds of Vegetable Oil on Fat Crystallization of O/W Emulsion at Subzero
Temperatures

Yusuke HASHIOKA, Manabu WATANABE, and Toru SUZUKI
Tokyo University of Marine Science and Technology, 4-5-7 Konan, Minato-ku, Tokyo, 108-8477, Japan

Food oil-in-water (o/w) emulsions such as mayonnaise, some kind of dressing and milk are
often destabilized during storage at low temperatures. The destabilization is considered to be
induced by fat crystallization in a process of freeze-thawing. In this work, the relation between
fat crystallization below freezing temperatures and oil separation was investigated for two
types of o/w emulsions made from canola oil and soybean oil, using differential scanning
calorimetry (DSC) and polarized optical microscopy. DSC measurements revealed the
differences of crystallization temperature (7. between canola oil emulsion and soybean oil
emulsion; that is, emulsified canola cil crystallized rapidly from -48°C. On the other hand
emulsified soybean oil crystallized gradually in a wide range of subzero temperatures. Polarized
optical microscopy showed a significant difference in the crystallization behavior in droplets. In
the soybean oil droplets, fat crystals were located at oil-water interface while the fat crystals in
the canola oil droplets were dispersed in the droplet. Freeze-thawing test showed that soybean
oil emulsion exhibited higher stability than the canola oil. These results suggested that the
crystals at the interface in the soybean oil droplets played a key role in its freeze-thaw stability.
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Fig.1 A schematic process of destabilization for o/w
emulsion during freeze-thawing.

Table.1 Components of o/w emulsion samples.

Oil phase Emulsifier Water phase
Canola oil Egg yolk Vinegar
Soybean oil Egg yolk Vinegar

Mix oil Egg yolk Vinegar
(canola : soybean=6:4)
60 20 20  (vol.%)

RENMERSBBETHIENTEDLLEEZLND.
L7 LIFEAY 65%DFED —ER TSR, |IRICE
T oA b E DR WARREMOEITR A LN Z
Linb, AEFFETIIMERL % o/w=60/40 (vol.%) &
L7z (Table.l &), WARII MRS AR OSHEM F
TAIREMH, E6ICZNb% 6:4 TRA L7
(LLF, BEME XD oFnEhics LA
IR AMER L, KEEREEE Lz, BEOFARTIE
V& Tamaki 6 WO HEZSZR L, 9 EGHICHL
HaEHOCOBB LS, MEL U UTHTL
R LHERE L. ST, SEVSA -
MICCA D-8 (ART Moderne Labortechnik,
Germany) % F\>, B 10,500rpm O5F L Lz,

2. DSCEIE

oAl a ryrREBLOw A Y g YRBHCEEA
L7z v 7 K08, X bl a Uikklok
HHTH HEEEORE RIS L ORARIEE 281 5 0
2% %72 Shimadzu DSC-50 (Shimadzu, Japan)
RV, DSC BIEEIT-7=. A L= EEYWEIL,
7 v 2 F a-AlOs powder for DTA Standard
Material Shimadzu (Shimadzu, Japan) & L7-. i
EHY 20mg 38 L UREIORK 2 fE D EBEDOEEDE %
FRICHE L7, BB I UOREDELR2H AT LI EL
X Shimadzu 7V 3 =7 AF /L (Shimadzu,
Japan) & L7z, £72, B 5725 —# 13, Shimadzu
TA-60 for Windows (Shimadzu, Japan) % F T
fEtT L=, IRET v T MEEE-3°C /min T, =
B2 5-80°C £ TOMHAEL, +3°C /min T 40°C £ T
DOIEE LTz, 728, AMZETII A VY, ==y
a VB - FEERICET A —27ICELT,
v—273h 3D TH D onset point & ik LIRE
T:°C) B L ORARIRE Th(°C) & L7,

3. EE-REICHET5HERRILETORE
AR EREM, KEW, BLXOEAGHEEN L
T L g RO IR — RBURRR O BRSBTS
MEKEEZEAET LD, =2—AV FRTF =V
LK-600PMS (Japan High Tech, Japan) % H\>,
BX51 Al 27 AAEHEMEE (Olympus, Japan) (&
I ABEEITV, T X AT DIGITAL SIGHT
DS-Fil (Nikon, Japan) TH#i L7z. BIEIZHT72Y,
FREHK 0.1lmg 2 X7 A K77 AIRkE, €O LD
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Fig.2 DSC cooling curves for (a) non-emulsion
(bulk) and (b) emulsion. Arrows indicate 7%
of oil phase. There are no significant

differences on 7¢ between (a) and (b)
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Fig.3 DSC cooling curve for a vinegar
(continuous phase).
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Table.2 Composition of molecular species of canola
oil and soybean oil!V

Molecular Species  Soy bean oil Canola oil
XLL 6.9 1.2
LLL 17.6 1.1
XLO 5.6 7.9
LLO 16.0 8.6
LLP 7.7 -
LOO 14.4 20.8
LOP 11.9 4.9
000 2.9 243
oopP 23 5.3

X : linolenic acid L linoleic acid O : oleic acid P : palmitic acid
— :micro amount
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DS RETT A2 ERMLNTEY, Z0AD
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L7zl g VRBHZ B W T, FREDZEEI2R
T ENTHEEINEED, BRI g VIREE
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Fig.4 DSC heating curves for (a)Soybean oil,
(b)Mix oil, (c)Canola oil, (d)Soybean oil
emulsion, (e)Mix oil emulsion, ()Canola oil
emulsion.
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Fig.5 Polarized micrographs for emulsified canola oil
during cooling process. Scale bar: 50pm
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Fig.6 Polarized micrographs for emulsified soy bean oil
during cooling process. Scale bar: 50pm
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Fig.10 The image in which black circles were
imposed on the particles images of Fig.9.
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oil at -60°C. Scale bar: 50um
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Fig.11 The rate of separated oil after
freeze-storage at -90°C
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