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Abstract; To develop a new type of margarine product with ehnanced nutritional and functional
properties, camphor seed oil (CSO) and palm stearin ( PST) were used as base oils, the structured
lipids of CIE and EIE were prepared by chemical transesterification and enzymatic transesterification,
respectively. By comparing the glyceride and sn — 2 fatty acid composition, thermodynamic properties
(sliding melting point, solid fat content) , rheological characteristics, and crystal form of CIE and EIE,
one type of structured lipid was selected to prepare margarine. The basic physicochemical indicators,
hardness, and whipping property of the prepared margarine were analyzed. The results indicated that
transesterification significantly altered the glyceride and sn —2 fatty acid contents of CSO and PST, with
the generation of medium — long chain glycerides in CIE and EIE, mainly CCO, CCP, CLaO, and LaPP,

and a sliding melting point ranging from 31. 8 °C

Wi B HA:2024 - 04 - 02 ;& [E] B #7:2025 - 03 - 14 . .

SRR 5 F 5 BF LU H (2023 YFD2200705 ) to 41.5°C. The EIE prepared with the mass ratio
FEZR w1 (1990) 4. BIHE . 11 WE50 07 1 4 3 of CSO to PST 5:5 and 7:3 exhibited good mouth —
5 J A4 85 11 ( E-mail ) gaopan925@ 163. com., melting properties. The structured lipids prepared



2025 4F 50 & 5 S

S A EC!

i >7

by both transesterification technologies showed shear — thinning phenomena and both 8’ and 8 crystal

forms were present. EIE prepared with a mass ratio of CSO to PST 3:7 was selected as the raw material

for preparing margarine. The acid value (0. 47 mgKOH/g), peroxide value (0. 62 mmol/kg), and

moisture content (13.79% ) of the prepared margarine met the relevant standard requirements, and it

had good whipping property and hardness. In conclusion, the structured lipids prepared by enzymatic

transesterification of CSO and PST can be used as raw materials to improve the nutritional characteristics

of margarine.
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Table 1 Triglyceride composition and relative content in raw oils and structured lipids %

— psr NIE CIE EIE
3:7 5:5 7:3 3:7 5:5 7:3 3:7 5:5 7:3

cce 4.15° 0.00# 1.72° 2.66° 2.91" 0.00¢ 1.65' 1.78° 0.00¢ 0.00* 0.00#
CCLa 82.71* 0.00 26.82' 41.65° 54.14" 20.33* 24.67" 26.44° 9.477  12.75'"  16.45"
CLaLa 13.14° 0.00* 3.98%5  5.44'  6.54 3.28! 3.89"  3.78' 5.46° 4.26' 4.57°
CCOo 0.00* 0.00# 0.00# 0.00* 0.00# 3.32' 3.67° 4.21° 4.69° 6.83" 8.89°
(001 0.00* 0.00# 0.00%5  0.00*  0.00¢ 3.16' 4.15¢ 476" 71.72° 8.23" 8.43"
CLa0 0. 00" 0. 00¢ 0.005  0.00°  0.00%  6.35' 7.21° 9.56%  12.84°  17.90"  21.02°
CPO 0. 00¢ 0. 00¢ 0.00%5  0.00*  0.00¢ 3.45° 2.54°  2.12 2,94  5.72"  6.23"
LaPP 0.00* 0.00# 0.00# 0.00* 0.00* 5.34 5.79¢  7.54" 5.76° 7.18" 6.31°
PLO 0.00' 5.88° 4.24° 4.14' 3.84¢ 5.35" 5.20°  4.30° 1.27"  0.00' 0.00'
PPL 0. 00" 2.53¢ 2.12f 1.46" 1.25 2.18° 1.57¢ 1.45' 4.62° 3.12 2.72°
000 0.00* 0.45° 0.31° 0.28* 0.22 0.33" 0.28°  0.26° 0.00¢ 0. 00" 0. 00"
POO 0.00"  14.44" 8.00" 6.67' 5.21" 8.46" 7.32° 4.31° 8.34° 5.52¢ 3.62!
PPO 0.00°  38.55" 30.84" 22.54° 13.46" 20.27' 16.42" 13.41' 19.53°  15.20%  10.43
PPP 0.00"  35.25" 20.76" 14.18" 11.54" 16.08° 13.72¢* 14.30" 14.28° 11.12 9.37
POS 0.00* 1.08¢ 0.53"  0.35' 0.29 0.88° 0.81"  0.75¢ 1.57" 1.33" 1.18°
PPS 0. 00" 1.83° 0.69" 0.64' 0.61' 1.23° 1. 12¢ 1.03° 1.52" 0.85' 0.78¢
S, 100. 00 37.08  53.97  64.57  75.73  49.42  54.99  59.63  44.21  44.39  45.91
S,U 0.00  42.16  33.49 24.34 15.00 36.45  32.22  31.50 46.19  50.10  50.47
U,S 0.00 20.32 12.24  10.81 9.05  13.81 12.52 8.61 9.61 5.52 3.62
U, 0.00 0.45 0.31 0.28 0.22 0.33 0.28 0.26 0.00 0.00 0.00

T FRHEZ AW, C. C10:0;La. C12:0;0. C18:1;P. C16:0; L. C18:2;8. C18:0, [f7 ARk F 7 AA B &2 5 (p <0.05) .

G

Note: The standard deviation is not included in the table. C. Capric acid; La. Lauric acid; O. Oleic acid; P. Palmitic acid;

L. Linoleic acid; S. Stearic acid. Different letters in the same line indicate significant difference (p <0.05). The same below
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x2 ERHInGHEER sn -2 IEHBAREEMSE
Table 2 Composition and relative content of sn —2 fatty acids in raw oils and structured lipids %
. NIE CIE EIE

Nt S0 PST 3:7 5:5 7:3 3:7 5:5 7:3 3:7 5:5 7:3
C10:0 57.51° 0.00" 15.21°  28.50° 41.14" 17.82" 18.02%¢ 24.93% 14.57"  18.86'  21.50°
C12:0 39.93* 0.17" 10.53'  18.08°  30.56" 8.14  13.22¢  17.21' 11.76" 13.62"  16.85°
C14:0 0.34" 1.33" 1.14"  0.84" 0.46'
C16:0 0.85%  41.79* 30.56°  21.10"  11.35
C18:0 0.00°  4.18" 3.45° 2.03" 1.24
C18:1 1.06" 47.25"  34.54"  26.26'" 13.44!
C18:2 0.22  5.18° 4.48° 3.11" 1.72
C18:3 0.10%  0.11" 0.10%  0.09* 0.10"%
SFA 98.62°  47.47* 60.88"  70.55°  84.75"
MUFA 1.06"  47.25"  34.54"  26.26'" 13.44!
PUFA 0.32" 5.29° 4.58" 3.20" 1.82!

0.00' 0.88° 0.38* 0.84" 0.79° 0.80°
32.49"  30.04" 23.78"  24.09° 22.75% 20.77
3.20" 1.73' 2.67° 3.51" 2.66' 2.54¢
34.02°  32.47¢  28.73"  40.29" 36.57° 33.41'

4.10° 3.43¢ 2,12 4.62"  4.52° 3. 86
0.24° 0.21° 0.19° 0.32° 0.24° 0.27"
61.65¢  63.89° 68.96" 54.777  58.68'  62.46'
34.02°  32.47¢  28.73"  40.29" 36.57° 33.41'
4.34° 3. 64¢ 2.31 4.94" 4.76° 4.13'

T SFA. M AR TR s MUFA. SRR AIAR TR ; PUFA. Z AN RIS DT IR
Note: SFA. Saturated fatty acids; MUFA. Monounsaturated fatty acids; PUFA. Polyunsaturated fatty acids

2.1.3 WS

I =R 0 I 3 3 P Rl s 2 R AR R )
FAEAF 5, DA (] 2 52 Wi A R (0 #4724 S
AR GEFI IR T SR UL 1

220 7, CSO i 44 s 4 19. 8 °C, PST g 3l 5
SR S51.6°C, FE L T, AN ) 45 R i A T Bl a5
TEFEITE31.8 ~41.5C , i# CSO S TtHEs, iifg 4
FaIRG () B s BRI, AH%R NIE, CIE 5 EIE i
SIS EBA TR R, SR LFEIE M99 3G S
ik, HAE CSO 5 PST Jfism tb ok 7: 3 B IE sl A dx
iK1 31.8°C,

2.1.4 SFC

SFC 21 s B AL MR i S 24 A 2 —, A
R BE SRR 1Y SFC P 1 IH AR 7 i 9 4 Jre 1 (2
FETERN RS o ARSI RAEAS R T 1) SFC
TLE 2,

1€l 2 A] 1, NIE (CIE 1 EIE %) SFC 2 fifi %5 i
FETHE MR, CIE 7£ 5 ~ 30 °C i} SFC T #7242,
30 ~ 50 °C B FF- 45 /)i g T F%, 50 “C s SFC #4240,
FHEL NIE (CIE, EIE f9A2 45 SFC 54X, CSO 5 PST Jii
R 3:7.5:5.7:3 [ EIE 2 45 SFC 431 Ky
68.52% 59.23% 55.19% ,EIE [ SFC £ 5 ~15°C

ol =hr B WA -8, SR R R e, 35 °C U R I
L e BWIT2%,45 CHEERES] 0, X5 2. 1.3 f EIE ffy
<30} i N \ .
Zost TS R CTE R G 25 R AHEN TR, 35 °C T
25l B SEC i /N T 3% 7 gl St gk A He NIE
Tior CIE, B4 EIE 7€ CSO 55 PST FiskHky 5:5 F17:3
st
e = = R HLAE 35 C T SFC 4 0, /T 3% , AT e F Ko
CSOSPSTIR &I Al o ph IR R DL T PR S 4 B L T R G 4 R
E1 AEZEHEERNEINES 4 1T B
Fig.1 Sliding melting points of different structured lipids
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Fig.2 SFC of different structured lipids at different temperatures
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Fig.3 Variation curves of viscosity of different structured lipids with shear rate
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Fig.4 XRD patterns of different structured lipids
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Table 3 Basic physicochemical indicators of margarine

MRfE(KOH)/ (mg/g) IS ALIA/ (mmol/kg) 7K/ %
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Fig.5 Hardness and whipping property of margarine
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