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Abstract: The crystallization behavior and macroscopic properties of emulsions under modes with a constant temperature (storage at 4 C,
25 °C or 37 °C for 6 h) and temperature fluctuation (storage at 37 “C for 1 h then 4 “C for 6 h) were investigated in this study. The results showed
that under the constant temperature storage, the solid fat content (SFC) and fat crystal structure of the crystalline emulsions stored at different
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temperatures differed: SFC as 28.31%, 22.75% and 17.21%, respectively, at 4 ‘C, 25 ‘C and 37 °C; The £ form content (97.68%) of the
emulsion stored at 4 “C was the highest with the fat crystal particles being relatively small; The B form content of the emulsion at 37 ‘C was the
highest (61.65%) with the fat crystal particles being the largest. Under the storage with temperature fluctuation, the SFC value (28%) of the
emulsion stored with fluctuation at 37 ‘C~4 ‘Cwas essentially the same as that at a constant-temperature of 4 ‘C, although their fat crystal
structures (fat crystal particle size and content of § form) were different. The apparent viscosity of the emulsion stored at a constant temperature
of 25 “C was the highest, whilst that of the emulsion stored with fluctuation at 37 ‘C~4 ‘C was the smallest. In summary, for the same storage
time period, a storage at a lower temperature (4 “C) tended to facilitate the formation of a crystalline emulsion with a higher SFC content and
smaller fat crystal particles; A storage at a higher temperature allowed the formation of a crystalline emulsion with a lower SFC content and
bigger fat crystal particles. Under the storage at a constant temperature, adjusting the storage temperature can construct a crystalline emulsions

with different SFC values and fat crystal structures, and the storage under the combined constant-temperature and temperature fluctuation mode

can allow the formation of crystalline emulsions with the same SFC but different fat crystal structures.

Key words: crystalline emulsion; solid fat content; crystal size; polymorphic form
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Table 1 Enthalpy (AH,,,) and SFC of crystalline emulsions and bulk fats after constant-temperature (4 'C, 25 °C,37 C) and

fluctuating-temperature storage (37 C then 4 'C)
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8% (25°C) 14.53+0.19°  35.73+0.63° 9254038  22.75+0.94°
2% (37°C) 11.17£0.83°  29.43+0.25¢ 6.54£0.37° 17.2120.98°
MREKE) (37°C4T) 28.77+0.47°  70.57+0.84° 11.49+0.39°  28.17+0.95°

i Fl—A RRFHAFTLAFSEMEZF (p<0.05). FAR.

SFC A2 T AR 0 7= AR 2 1 S ) — A B 2
Fobw, SOSAE— IR T R RN k& & SFC
(B AR AR TR T TG B 4 s e B DA O,
T RRm SFC M —ANEZERFZER, FRFAETTEAR
TR T 4 I AN SEC M, T I 45 i 5L
Wi SFC H, B Sext i E iR (43517 4 'C. 25 C.
37 CIk 6 h) KIRFEREN (JErE 37 CgE 1 h, 28
JeE o3 BITE 4 “CIEEk 6 hOW i At AR i 25 i O/w
FURIISEARIERT A BHTile, HEERIILE 1
A 1,

ZoRFREIGE (DSC) AT T4l A R AR
I R A R AR D 1520 W71, R AR
BT Ut 455 B AR IR AR A VE T
WS (MR BRI GG, FRPETH R T A v] LAFS
BT, Sl AT I 45 S FLIK DSC R e &5 H
1 Fim o P 1 ] 0, e E iR e 4 °C .25 C.
37 CIk 6 h) AHEEREN (JErE 37 CJE 1 h, 28
JEAE 4 CIHER 6 O HUE 2t BE 1k dh s G A H o
Horh, 7EFEIE (4 "CHI 25 “COFREE R EN (37 ‘C~4 °C)
gk 2t B AN, TTTER (37 °C) IR
afiyh WA —NMEg, X2 BT AE S RE T & A

(BF B EIHAFERIEE, H A SRR AU
F g R S ARTSE S O/W SN, BT ke
i R EH MR, HIETENTAhik R, X0l
& TAEFLRAFN AL A 2 A LER AR (CFLI
(RIS R A% S i p i SAr Az 1o,

1R T A 525 S FEE) SFC A, HE 1 7]
W, e FE AT, A A FLIR I SFC {ERE
F R FE I T = R B PRI (p<0.05), Hodr, fHIR

(4 °CO e Atiym A LRI SFC A 73 718 74.42%F1
28.31%. TEAHREIHIEFEERE T, 41 SFC 8 T-5L
T SFC H, HICFIRFECH 5 U SFC =N
g SO, TS SRR S, R 40
AR FE 5 (37 ‘C~4 COWRFLIE T SFC HIAL(28%)

(p>0.05), REWEIGIERE (37 ‘CHI 4 C) A,

158

{HIRAHEMBERNRE (4 C) ST, s
HIHEANE], PRI H 5 T =1 SFC BT 46 it
LR, MG AH FEEK SFC MBI 45 LR, bl
5 B et L FEE TR TR 46 s S AR A B 28 R, o
J5i ) SFC {EZ54LL.

22 fleBitE & O/W Uik oy o AL

4-51.31 4.193»87
_ fHE 4 C
3 458433419 @0
=
2 4.58 4,46 3.88 Eﬁﬂ (25 OC)
R 422 3.76
g 5.18 3.64
£ . {37 C)
4325 389
4.59 -
‘/‘\-77—; -
D L) (37 C~4 C)
10 15 20 25 30 35
20/°

2 Zid1ER(4 'C\25 °C.\37 ‘C)FMBRERFN(37 C~4 C)
TR AY4EER O/W FLiRAY XRD Hhzk
Fig.2 XRD spectra of crystalline O/W emulsions after
constant-temperature (4 C, 25 C, 37 C) and
fluctuating-temperature storage (37 C then 4 C)
X S LA TR BRI RS AAE L, AR
B GREEATSD H TR B ks, SR
(SrRIAE 4 °CL 25 C. 37 CIE 6 h) IR PEWEh (e
E 37 ‘CIF 1 h, SRJSTE 4 CIHE 6 h) W58 (IR i
455 O/W LI FEIRIBEEE4n 2 Fos. Bk 2 AT,
FEATERIAIEE(E N 5,181 4.59. 4.58. 4.54. 4.46. 4.33.
431, 422, 421, 4.19. 3.89. 3.88. 3.87. 3.83. 3.76
J3.64 A Wb ISR . SAATER M, B ERAUE 4.6
A HBURATHE, B IR RHEIE R A 4.2 A M1 3.88 A
A AT BT St 1S ), s 2 AT, TR R
45 O/W FLIRFEIRAEAE pAN B ST A AEE,  HL
FEMETR (4 °C) ANREERE (J6 37 TR 4 C)H Ik
HIllgligiin O/W FLRH BB ARFE IR B R, T
FEEIR (25 ‘CHI37 °C) WHBIRII4S & O/W FLil B



MK EmBHL

Modern Food Science and Technology

2021, Vol.37, No.7

AT RFIEIE W] . O 1 b AR el I
g5 % O/W LIRS & i3etk, RHT peakfit 2
MHHATIA LI, BB RIS R WK 2 FR.
HEE 2 AIEA, TR R A5 AL, B
A A SRR CEER (37 "COL HER (25 T, 1H#R
(4 C) RIKBERFE (p<0.05), HIEMEIR (4 C)
IR E N 55 O/W FLRh R EH D ER p Y
(2.32%). [FAIF, WREEREN (S637 CHRIE4 T I
AL g SRR E & TER (4 C) I
W p RS E (p<0.05). X2 HHT7E sk et
PR Gy A AR E Y B R ILTEL RIS
R TAG difRRIAL, EE ) TAG 25 5 RETE
KEZH) B .
%2 £i3fER ¢4 °C.25 'C\37 C)MBEEFN(37 'C~4 C)
T AIAE LSS O/W AR S E
Table 2 Crystal content of casein sodium salt-stabilized
emulsions after constant-temperature (4 'C, 25 ‘C, 37 °C) and

fluctuating-temperature storage (37 C then 4 'C)

5 B crystal /% fB crystal /%

&8 (4°C) 97.68+0.56°  2.32+0.45

&g (25°C) 41.67+0.14°  58.33+0.02°
&% (37°C) 38.35+0.12¢  61.65+0.24°
BJEREH (37 C~4 C)  81.51+0.39° 18.48+0.13°

23 JlgBi%Ed O/W FU &5 Ko R0 S LA
KA E M (AR R0 g s

HiR (4 C) {HIR (25 C)

B (4°C. 25°C. 37°C) FEREEWE) (37 C~4 C)
5 6 h LI S R TS AT WSS, 45 R 3. 3
R THIVEATRER R, WK I BA RS 5
fE, BEEIEHER, BB EEE R, N
Bl 3 ml AL, fER R R, 2 O/W FLtlE
T 18] T Ve s S e B T AN FIREFE I 2R
BEL%, XTEER (4°C. 25 °C. 37 °C) Iinfig
it i O/W FLIRTT & BEE Wl 7t =, FLE
W I SRR BE I ™ B, USSR LI BE S I
IRFERIE, LRENZEMHE. M XRD K45

ALAL, SFFER (4 °C. 25 °C. 37 °C) kiS5
fn O/W FLIIM &, TEAHFEIC AR, B & &
FER (37 °CH. 1HIR (25 °C). fHIR (4 °C) HKIkF%
ik, HAEMER 4 C) WPiiAB A SEbER B W
A, XTHER (4°C) FRELES) (37 C~4 °C) i
MmN S, AN e rE 37 Cidk
ATV, TV R I 5 i L0 T 07 it A RORE A %o A0 K
UOITT, 440 B 0 5 T IRt /N ) S AR AT 8 i 7
TR IR SRR, 48 A At g a] LA
RO, TEIR (4 °C) Wi a2 i FLI ) Sn R
/N, TERR (37 C) W5k FLIR I SR AR AR X5
Ko HIEHE (4°C. 25°C. 37°C) Wjgtatt, 7EEE
WA (37 C~4 °C) Wyl N BINEIE & L i i
RRTRARRT O . ST S, 25 il e fm A R
SPHEE (37 CHL fEHE (25 CH. REH D)
(37 'C~4°C). fHIEL (4°C) KK/,

{8 37°C) RS (37 CT~4 C)

3 ZIER (4 'C. 25 "C. 37 "C) FREIKHN (37 "C~4 C) MRAIARANLSS 0/W AR MBI RR S g
Fig.3 Microstructure of crystalline O/W emulsions after constant-temperature (4 'C, 25 °C, 37 C) and fluctuating-temperature storage
(37 'C then4 C)
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Table 3 The physicochemical properties of crystalline O/W
emulsions after constant-temperature (4 'C, 25 'C, 37 °C) and

fluctuating-temperature storage (37 C then 4 'C)

Hf o Cl/%
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8% (25°C) 27.53+0.51°
1&g (37°C) 44 .47+0.50*
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Fig.4 Apparent viscosity of crystalline O/W emulsions after
constant-temperature (4 'C, 25 C, 37 C) and

fluctuating-temperature storage (37 C then 4 C)
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