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Fractionation of Camellia oleifera seed oil by molten layer crystallization

and lipid characteristics of its products
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Abstract: [ Objective] To address the limitations of the traditional fractionation process of Camellia oleifera seed oil, a novel molten layer
crystallization process based on crystallization kinetics theory is developed. [ Methods] Using crude C. oleifera seed oil as the raw material,
the metastable zone width and nucleation induction period are investigated by laser scattering technology, while the thermal properties of its
high-melting-point constituents are characterized by differential scanning calorimetry (DSC). Based on these findings, a gradient cooling
and fractionation process for molten layer crystallization is designed. Subsequently, a comparative analysis is conducted to evaluate the fatty
acid profile, lipid composition, isothermal thermal properties, and crystallization kinetics of C. oleifera seed oil before and after
fractionation. [Results] The metastable zone width of C. oleifera seed oil significantly expands with increasing cooling rate, and the
nucleation induction period at —20 °C represents the critical transition point for the nucleation kinetics. DSC analysis reveals that the high-
melting-point constituents possess a solidification point of —17.8 ‘C and a melting point of —6.8 “C. Following fractionation, the saturated
fatty acid content in C. oleifera seed oil increased markedly to 26.99%. Furthermore, lipid chain lengths ranging from L50 to L54 and low-

unsaturation class u2 lipids are selectively enriched. Crystallization kinetics analysis indicates a shift in the primary crystallization
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mechanism from homogeneous nucleation in the C. oleifera seed oil to heterogeneous nucleation. [ Conclusion] Crystallization kinetic

parameters, such as metastable zone and induction period, can effectively guide the crystallization and fractionation process of the molten

layer in C. oleifera seed oil production.
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Table I Measured data for metastable zone of C. oleifera  Table 2 Fitting parameters for the relationship between In
seed oil AT, and Inp of C. oleifera seed oil
SMEE NER I 3 3ok %/ A A RXE T/C a b m R?
gre  ErC (‘C-min"") L/ C JEIC —10 0.139840.012" 2.565 2--0.036° 0.389 8+-0.005" 0.994
— 10 —40 0.50 —309 20.9 —5 0.121 040.003" 2.842 70.021¢ 0.351 8+0.014° 0.999
—10 —40 0.75 —322 222 .
0 0.104 0+0.008° 3.073 740.074° 0.325340.017° 0.999
—10 —40 1.00 —33.1 23.1
5 0.098 10.043% 3.274 740.034" 0.305 4--0.004* 0.999
—10 —40 1.25 —33.6 23.6
10 0.079 5+0.006° 3.439 1+0.045* 0.290 74-0.011° 0.995
—10 —40 1.50 —345 245
; P e e e G b
-5 —40 0.75 —322 27.2 et s N
K3 HENFHFSHBEXEE
-5 —40 1.00 —33.2 28.2 ] ) ] )
Table 3 Induction period of C. oleifera seed oil
-5 —40 1.25 —33.9 28.9
A YHE RE O IR AL RE O R i .
s 40 150 346 296 IR L /°C LRI/ C 175 7 B] [A] /min
0 —40 0.50 308 30.8 25 B 725.3£6.38
0 —40 0.75 321 32.1 25 —10 402.6%5.96°
0 —40 1.00 —33.1 33.1 25 —15 206.7+4.32°
0 —40 1.25 —33.9 33.9 25 —20 111.943.32¢
0 —40 1.50 —345 345 25 —25 405+2.11°
5 —40 0.50 —30.8 35.8 25 —30 23.6+1.88"
5 —40 0.75 —32.1 37.1 25 35 1644125
5 —40 1.00 —33.1 38.1 — . — o
T RBIING SRR R R 45 B 22 57 3% (P<C0.05) .
5 —40 1.25 —33.8 38.8
5 —40 1.50 —345 39.5 8001
10 —40 0.50 —30.9 40.9 700
10 —40 0.75 —32.1 42.1 = 600F
£
10 —40 1.00 —33.1 43.1 < 500f
10 —40 1.25 —33.8 43.8 ﬁ € 400
=
10 —40 150 —347 44.7 .2 300
=
i E 2001
+ 100+
o 45
E 07 Il Il Il Il Il Il Il J
E 40 -35 30 -25 -20 -15 -10 -5
= TR
= *g 35F Temperature/ °C
g " .
@ £ gl B3 bR S8
g —=— (.50 °C/min . L. . . :
% —e— (.75 °C/min Figure 3 Nucleation induction period of C. oleifera seed oil
= Br —a— 1.00 C/min
; —¥— 1.25 C/min
201 —+— 1.50 °C/min 2.3 HZEFFHMMLCHEIZHL
Il Il Il Il J

—1‘0 -5 0 5 10
TR
Temperature/ °C
B2 R Fad o R AR KA R
Figure 2 Effects of cooling rate on metastable zone width

of C. oleifera seed oil
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Figure 5 Different lipid subclasses of crude C. oleifera seed oil and fractionated high-melting-point solid oil
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Table 5 Lipid content of crude C. oleifera seed oil and fractionated high-melting-point solid oil ngl/g
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Table 6 Lipid content of different carbon chain lengths in crude C. oleifera seed oil and fractionated high-melting-point
solid oil
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Table 7 Comparison in lipid content of different saturations in crude C. oleifera seed oil and fractionated high-melting-
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Table 8 Total content of major lipid subclasses in crude C.

oleifera seed oil and fractionated high-melting-

point solid oil ne/g
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Figure 6 Isothermal crystallization curves of crude C. oleifera seed oil and fractionated high-melting-point solid oil
*9 AEIERE KHFMEH SRAERNHNESH
Table 9 Kinetic parameters of crude C. oleifera seed oil and fractionated high-melting-point solid oil at different
temperatures
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Figure 7 Fitting R>using Avrami equation for crude C. oleifera seed oil

F
*
n
<
Z ot
|
=
_1 [
y=3.267x-1.153
R’=0.963
—2 | L L J
0.0 0.5 1.0
In(z)
(a) -30<C
oF
A
Lk
S
I oor
=
-1r ¥=2.994x-0.901
R=0.974
0.0 0.5 1.0
In(z)
(¢) —40 C
*
1
b
25 .
|
= y=2.019x+0.406
R’=0.954
Il Il Il J
-0.5 0.0 05
In(z)
(a) =20 C
A
1.0
— 05
T
=
|
= 00 y=1.559-1.301
R’=0.950
-0.5
Il
-05 0.0 0.5
In(t)
(c¢) =30C

18

In[~In(1-f)]

In[-In(1-f)]

1.0[ ]
0.5
0.0 "

y=1.625x-0.695

-0.5F R’=0.963
| |
_1 .0 L Il Il L
0.0 0.5 1.0
In(z)
(b) -25C
15 C °
1.0
05
y=1.589x-0.545
R=0.972
0.0+
L]
0.5 1.0
In(t)
(d) -35<C

B8 b Ak HIEE B Avrami F AE A RPE AR

Figure 8 Fitting R* using Avrami equation for fractionated high-melting-point solid oil



F&M | Vol.42, No.l

—10 °C; A 0.2 C/min & & —15 °C; Lk 0.1 ‘C/min & &
—17°C3 14 0.01 “C/min F 2 —17.8 °C, R 35 & 6 h, AT 52
U725 R 9 A I Y A . RS e A
Fh AR RS 0T 12 o5 LR 26.99% , A R 1R o5 Ll R A K, i
13.31% 34 % 24.71%. B4 7 3 Wit — 20 3R W1, S sl
[yl L9 i O 28 FE AL b T 22 5 AP v A s T I
P SR NG T AE K LSO~LS4 BB I o5 Lb 2948 8 T 2%, 1%
AU A u2 208 BN Lk AR R 8.04% , KR T it BEAIK
12.3% ; 45 & 8l J7 2 UE 55, 1o 45 et 1 3l A A5 3o 3l 25 e,
4k b R SR Bk ik R T R 45 0 TR 5 Avrami 15
O 1~2, GE W] A AR A R DL e A U RS
FEAEAE A 2Z AL, 0 3 SR AR T T2 SR 5 i B 4
B L TR WA 2048 7 W AR 2 B i R R T iy )
A R L A A ) TUD 0 R A G RN AR T TR
M52 W, I 2245 35 F1 0098 43 B2 U5 7= 90 10 T RE Rk DA R A
WG E AL M HEA R A F IR AL D REARIE A 4
FA) 1) SC IR B 5T

5 % K

[1] 2R, SR 3E, o i, 45 . A6 ABUXUIR ¥l 2% 7 3l 1) o B 4% M 4
J 43T D). £ 5 HLIR, 2023, 39(5): 166-172.

LI D, ZHANG Q, HE X Y, et al. Preparation and volatile
compounds analysis of Camellia seed oil with Zanthoxylumflavor
[J]. Food & Machinery, 2023, 39(5): 166-172.

[2]SHE J R, LT Q Y, CUI M K, et al. Profiling of phenolic
composition in camellia oil and its correlative antioxidant
properties analysis[J]. Frontiers in Nutrition, 2024, 11: 1440279.

[3] X, 590, AL A, A5 R AR I 2% R VRS T i RO Y 5

Wi [J]. £35S HL, 2025, 41(2): 101-107.
LIU H, GUO S H, YANG Y C, et al. Effect of different partition
plates on the efficiency of oil extraction from Camellia seeds
under hydraulic pressing[J]. Food & Machinery, 2025, 41(2):
101-107.

[4] JRISG ok, R s, Bk A1 45, 55 a5k il 4 SBORT 6 10 R B 5 i
JE[I]. &R, 2025, 46(6): 354-370.

ZHOU F L, CHEN G, ZHANG T J, et al. Advances in
extraction and encapsulation technologies for camellia seed oil
[J]. Food Science, 2025, 46(6): 354-370.

[51 RAKIY, W, E3m, 55 . 3 R 4 il B 14 S0 bt Ak K B 1l i
AT, & A S5 P, 2025, 41(10): 121-125.

WU Q T, MENG X, WANG M L, et al. Antioxidation and
hypolipidemia functions of three oils in vitro[J]. Food &
Machinery, 2025, 41(10): 121-125.

[6] SALAS J J, BOOTELLO M A, PIISPA E, et al. The effect of
enzymatic interesterification on the high oleic-high stearic
sunflower oil fractionation and the physico-chemical properties
of stearins[J]. LWT-Food Science and Technology, 2023, 184:
115042.

XEAE MEHREREERNMRTERTWERFERR

[71LU X C, YAN Y Z, ZHANG Q, et al. Nucleation behavior
investigation of cinnamic acid in pure organic solvents:

induction time, metastable zone width and molecular dynamics

simulations[J]. Journal 2024, 397:
124143,

[8] Bl L . A A Vil e U2 445 % 2 5 HEOR I 9T (D], R KR

4%,2020: 3-7.

of Molecular Liquids,

LU C. The study on fractionation of palm oil using melt layer
crystallization[D]. Tianjin: Tianjin University, 2020: 3-7.

(97 X1 2K I . A A Ik 445 Falt 2 205 1 A - i B A A2 DX J5 1 F 2 (D]
Kt KHRA, 2018: 39-58.
LIU T K. Study on the layer melting crystallization phase
equilibrium and mesostatic properties of palm oil[D]. Tianjin:
Tianjin University, 2018: 39-58.

[10]LIU S S, LI D, HE X Y, et al. Study on crystallization kinetics
of dry fractionation products of beef tallow[J]. International
Journal of Food Engineering, 2021, 17(12): 945-958.

[T RB AR, 8 SCRL, 2207, 45 Ll 2k il A= 0 15 P i oy KUk )

50 K G 5 4R R F 9 E R (D] A R Ak A AR, 2024, 58(6):
1-13.
LIU X D, ZENG W Q, LI L, et al. Research progress on the
bioactive flavor compounds and lipid
composition of Camellia oleifera seed oil[J].
Chemical Engineering, 2024, 58(6): 1-13.

[12IYANG D B, LEEY Y, LU Y X, et al. Internal factors affecting

components,

Biomass

the crystallization of the lipid system: triacylglycerol structure,
composition, and minor components[J]. Molecules, 2024, 29
(8):1847.

[13]HU Q, ZHANG J K, HE L, et al. Revealing oxidative
degradation of lipids and screening potential markers of four
vegetable oils during thermal processing by pseudotargeted
oxidative lipidomics[J]. Food Research International, 2024,
175: 113725.

[14] 2=, BREEDT, 85U, 45 . WA A9 IR B 41 a5 2 RE 4

PERIL S BT (0], DRI 22 4R, 2024, 39(6): 141-145.
LI G L, CHEN J X, SHI X B, et al. Lipid composition and
preliminary functional analysis of semen ziziphi spinosae oil
[J]. Journal of the Chinese Cereals and Oils Association, 2024,
39(6): 141-145.

[15] TORKIAN M, MANTEGHIAN M, SAFARI M. Caffeine
metastable zone width and induction time in anti-solvent
crystallization[J]. Journal of Crystal Growth, 2022, 594:
126790.

[16]LU C, LIU X X, XIA Y F, et al. Determination of metastable
zone width and nucleation induction period of palm oil and its
olein/stearin Chemical
Engineering & Technology, 2020, 43(3): 422-428.

[17] SANGWAL K, SMITH K W. On the metastable zone width of

in melting layer crystallization[J].

1, 3-dipalmitoyl-2-oleoylglycerol, tripalmitoylglycerol, and

their mixtures in acetone solutions[J]. Crystal Growth &

19



20

E Al 33 FUNDAMENTAL RESEARCH

Design, 2010, 10(2): 640-647.

[18] K 3c 58, A ik, W AE R, 45 . LK UL B 45 A Fa DX 0 2
FRI A 53 BT (3] TEHLER Tll, 2019, 51(7): 43-47.
ZHANG W H, YANG L B, SHA Z L, et al. Determination of
crystalline metastable zone and primary nucleation analysis of
lanthanum
Industry, 2019, 51(7): 43-47.

[19] CHEN T, ZHANG Q, LTIANG R L, et al. Nucleation behaviors

chloride heptahydrate[J]. Inorganic Chemicals

of p-coumaric acid in four solvents from induction time and

metastable zone width: simulations[J].
Journal of Molecular Liquids, 2024, 407: 125104.

[20] MIYAGAWA Y, YOSHIDA M, CHIZAWA Y, et al. Induction

experiments and

periods for lipid crystallization of various vegetable oils[J].
Journal of Oleo Science, 2019, 68(1): 45-52.

[21] T, Wk 3%, A8 7, 45 . 40l ig 3% 4038 2 Ak B X g
U T AL B P R WL 0] B 5 A e, 2020, 56(6): 1-6.
XING T, HAN L, YU Q L, et al. Optimization of tallow dry
separation process and its effect on fatty acid composition[J].
Food and Fermentation Sciences & Technology, 2020, 56(6):
1-6.

[22] GOMES DA SILVA M, RAMPONI RODRIGUES DE GODOI
K, PAVIE CARDOSO L, et al. Effect of stabilization and fatty
acids chain

length on the crystallization behavior of

interesterified blends during Food Research
International, 2022, 157: 111208.

[23] ZENG W Q, LIU X D, CHAOQ'Y, et al. The effect of extraction

storage[J].

methods on the components and quality of Camellia oleifera
oil: focusing on the flavor and lipidomics[J]. Food Chemistry,
2024, 447: 139046.

[24) Z P, B, SEI %, 45 L BT 1R 002 4 0 il 5 R il i o
KB 5 ) RE R M 4r BT (0], P BRI 2 R, 2023, 38(7):
133-139.

LI Q Y, SHEN D Y, MO R H, et al. Lipid profile and
functional analysis of camellia oil based on lipidomics[J].

Journal of the Chinese Cereals and Oils Association, 2023, 38

HE 2918 | 20265 1 A | RGBS

(7): 133-139.

[25] EL IDRISSI Z L, ELOUAFY Y, EL MOUDDEN H, et al.
Investigation of roasting and photo-oxidative stability of cold-
pressed peanut oil: lipid composition, quality characteristics,
and antioxidant capacity[J]. Food Bioscience, 2023, 55:
103046.

[26] HU Q, ZHANG J K, HE L, et al. New insight into the
evolution of volatile profiles in four vegetable oils with
different saturations during thermal processing by integrated
volatolomics and Food Chemistry,
2023, 403: 134342.

[27] i 3T, TrRC R, Ak, S TR 5T A A B R R T B4k B
Az e ok LA T 520 (7], B A Rk, 2022, 43(14): 48-59.
GAO W H, YIN Q L, WANG X D, et al. Lipidomics analysis

lipidomics analysis[J].

revealed the effects of heat treatment and fermentation on milk
lipids[J]. Food Science, 2022, 43(14): 48-59.

[28] BORRIELLO A, ANTONELLA MIELE N, MASI P, et al.
Effect of fatty acid composition of vegetable oils on
crystallization and gelation kinetics of oleogels based on
natural wax[J]. Food Chemistry, 2022, 375: 131805.

[29] YANG D B, ZHANG Y N, LEE Y Y, et al. Batch and

interesterification of beef tallow:

continuous enzymatic

interesterification degree, reaction relationship, and
physicochemical properties[J]. Food Chemistry, 2024, 444:
138635.

[30] SEILERT J, HOFFMANN T, RAPPOLT M, et al. On the
relevance of inhomogeneity in saturated fatty acid
compositions for the crystallization kinetics of fat blends[J].
Soft Matter, 2025, 21(23): 4 650-4 665.

[31]WANG T, YANG R N, YANG G L,

et al. Effect of

monoglyceride on crystallization behavior and physical
properties of cottonseed oil stearin[J]. LWT-Food Science and
Technology, 2024, 199: 116145.

[32] TODA A. Crystallization kinetics, Avrami analysis, and fast-

scanning DSC of polymers[J]. Polymer, 2025, 332: 128522.



