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Purification of Low-Calorie Structured Lipids by Molecular Distillation
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Abstract: Low-calorie structured lipids were synthesized by lipase-catalyzed reaction and purified by secondary molecular
distillation. The effect of molecular distillation parameters on acid value and purity of low-calorie structured lipids were
investigated. The process parameters of secondary molecular distillation were optimized by the combined use of single factor
method and response surface methodology. The results showed the degree of fitting of the regression model was good. The
optimum secondary molecular distillation process was achieved at 122 C with a scraper speed of 240 r/min and a feeding

rate of 2.0 mL/min. The acid value of the resulting low-calorie structured lipids was reduced to 0.93 mg KOH/g with a purity

B

of 60.25%.
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T8 o F 28 SR AR A B SLs M e L2 24, NHT
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a8l 2R BB R A B A
#]; Lipozyme TL IME§ (SR H Thermomyces lanuginosa)
WHEEMHAERAR: =R EmiE (F8KT
98.5%) « IECHE (fikal) . 4 (Emaka) . N
QN2 [ 245 46 A kR A IR A R HAth R B
NI T4
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SHY-2ARUMEIRSIAREIR VLR G321 S 3k 1 ik 5
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o FAEMAC EEPopeAH]; GCMS-QP2010504H il -
Jii% (gas chromatography-mass spectrum, GC-MS)
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B E] s 2695 8 ROBAH LA (042424 28 KOG U

K28 ) % EWaters A 7 o
1.3 ik

1.3.1 ¥Rt & KA ESLs

FREX30 glitl 2 4k JE i B Lipozyme TL IM, #EAZHt
T-HI1500 mLAE I, N300 uLZ&1EK, JREI G
TEHE O NVKAR I R 7520 B FRE 200 g FE K
100 g = ZF H B I NAETE L, FHE O REH S E T
FEIR, 55°C, 180 r/min, JxN24 h. RMZEH)E, HUH
HETUIM, JFip B — BT (RS il F AR T RE, U B2
R T 7 2t .
132 4y 17N
1321 —W/HTAME S

il AR R SLsAE Wb AT 70 T 281 . BT A
5. PR ES0 C. A B EE20 C. #IEE S
0.1 Pa. ZEVRIEEE90 °C . HIAR %4200 r/min. HERLHE %
2.0 mL/min. 435l WCEE 52 A RN EEAH FH -1 43 B F S 22556
1322 TR 2=

FEFREES0 °C AL 20 C. #4EE 770.1 Pa
KAET, AR (1104 115, 120, 125,
130 °C) « HIMEEHE (1604 180, 200, 220, 240 r/min)
HERREZE (1,00 1.5, 2.0, 2.5, 3.0 mL/min) XH{&#E
SLs [ AR AN 4l B (1 520
1.3.2.3 g4y 1 28080 B T AR AL 3R 8 B T

S FH Wi N T AP 9 Box-Behnkeni% it i, DML#vE
SLsHRAE A4l FE Ryma NAR, AR RIS MK, R4
SAMRRE (X)) | IR (X) « EEEEE (X))
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Tablel Factors and levels used in response surface design
. . KT
NS oy
K= i i — o !
AIRREC X, 115 120 125
TIBR 5534/ (r/min) X, 200 220 240
HEREREZ/ (mL/min) X, 1.5 2.0 25

1.3.3 S0 - 25 KOG HUE Chigh performance
liquid chromatography-evaporative light scattering detector,
HPLC-ELSD) A 2 K A SLs 4 &

R Z920 mey A, FH2.0 mLIE S ke iE i, o
0.45 pumE K J5 3t THPLC-ELSD 44T »

ik %M : Symmetry RP C, 3%k
(4.6 mm X250 mm, 5 pum) ; WaIMH: & M- E
(50:50, V/V) ; ¥iiE: 1.0 mL/min; A33E: 30 C; &
BERE: 60 C; NJEJI: 25 psis #EFFEE: 10 pL; 3
ai: 500 SRATHAUE— T AR A SLs 4
134  GC-MSH

FEMTE S FRENZ120 mgRIMiFeE, 2.0 mLIE S
fit, 130.45 pmiEREE T GC-MS/H#T .

Bk DB-17 htfaah 7 % & 4 M
(30 mX0.25 mm, 0.25 um) , FHIAEAES,
Wi 1.5 mL/min, Zr#EL50:1, #EFEEL pl, #FIE
B3 min. #EFETREEZS0 °C, #EOERE3S50 C, iR
100 °C, f#4F1 min, LL10 C/miniEZET+E 150 'C,
P20 C/mini# KT+ £270 C, 5 LA5 C/minif R T} &
320 C, fR#F#8 min.

JRG A BTHEEE, MTREETOeV, BT
250 'C, VL EIm/z 40~1 000, HF {51838 K
1.13kV.

1.3.5  ARIESLsH RN BR 4LR 4 Hr

4k 779 : 7210 mL B0 hi A2,
A2.0 mLIIE ke 8 o0 M5, B A500 pL 1 mol/L
KOH-CH,OH¥ ¥, JIZPERS min. F3I14 mLARIRK,
REBAE, #ESZEIEE, HIEKNa,SO,F M Ik
%M, HTGCHHT.

GC%fF: it NDB-WAXE 4 E M
(30 mX0.25 mm, 0.25pum) , HSNEMES, WHE
0.8 mL/min, Z3¥itts50:1, BEFEET UL, EFIZEIR2 min.
HERE R EE250 °C, EKIE B ke I 235 B2 260 °C,
FEHR60 C, fRFE2 min/5 LA15S C/mini % F+ %2200 C,
FEPA3 C/min R T £ 230 'C, {#FF5 min. 55 HHE
400 mL/min, ZS##ES0 mL/min.
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Fig.1  GC-MS total ion chromatograms of light phase (A) and heavy

phase (B) by primary molecular distillation
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[A]13~15 minZ [ HH il =B EZRE A2 M LR K
G U R ) 48 K B H Il =8 (triglycerides with two short-
chain and one long-chain fatty acids, SSL) ; f#FHJ[A]7E

24~30 minZ [ H il =l FEEEH1L AR MK
B I I R A H 9 =8 (triglycerides with one short-
chain and two long-chain fatty acids, SLL) , SSL#{
=R AT SLLAY H yih = W8 B 0 oy R AIK#v & SLs. 17
LA, @il —RnFAmE, TUER EROR. &
FREHE. —CRH MW BN = R Wb bri, [
Aty 7R o i B KB IR TR, TR A & SLs I R B A2
EEAH A 6 EE A O R (i AN 2 B AT I e, A R N
13.48 mg KOH/g, #iJ¥ }y74.25%. £ E 5 by vl v 5
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0.1 Pa, EIHH3E200 r/min. #EEBE 2 mL/minZ T,
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Fig.2  Effect of distillation temperature on acid value and purity of
low-calorie SLs
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Fig.3  Effect of scraper speed on acid value and purity of low-calorie SLs
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Fig4  Effect of feeding rate on acid value and purity of low-calorie SLs

HERLE 2 A2 R 7 AR R — AN E R
LR g, FORHEZA K HFE RS, 2k
WA I, RSB mbRbE RS R, FRE
R AT B () A, S AR T, AT
HE4RLUE H, BEE R IR, BRAEZH BT,
#£2.5 mL/minZ B BRAE E AN 4%, #£2.5 mL/minZ
JaRRAERIZ . EYRHALE 1.0~2.0 mL/minZ [,
IR HA R SLs 20 FE Bl bl 2 m R B2t b, fEm T
2.0 mL/min/f5 #1422, Muk#Fiiplig#1.5~2.5 mL/min
HEAT e 82 T ARGAK G o
23 RSy T AN ROIE R A S R

Wiy S T A 45 R 7 Z e i WK 2. R Design
Eepert 4t v 3 *BAY K2 01 5 75 B R AT W E PR R 50 (3R
3. 4) o ZREIEAMEJERGY, (KRAZSLsIRE) Y,
(IR SLsAifE) ma Sk K, KRB 7708

Y, =1.28—0.62X,—0.29X,+0.97X,—0.022X X, —
0.35X,.X,—0.040X,X,+0.30X,>40.13X,+0.32X;”

Y,=63.13—3.70X,—1.28X,+5.90X,+0.46X X, —
0.51X,X,+0.32X,’— 1.10X,>—2.50X,”

®2  mpESHREEIRER

Table2 Experimental scheme and results of response surface design
. o SES Y, 48/ (m;
1M§%W%E%WW%&%%%£ﬁ®gm@%
1 —1 —1 0 2.62 67.57
2 1 -1 0 1.42 59.47
3 —1 1 0 2.03 65.23
4 1 1 0 0.74 57.12
5 —1 0 —1 1.22 59.49
6 1 0 —1 0.66 51.87
7 —1 0 1 3.82 69.12
8 1 0 1 1.88 63.34
9 0 —1 —1 0.96 53.89
10 0 1 —1 0.52 52.14
11 0 -1 1 3.01 67.94
12 0 1 1 241 64.15
13 0 0 0 131 63.12
14 0 0 0 1.27 63.01
15 0 0 0 1.23 62.18
16 0 0 0 1.28 63.38
17 0 0 0 1.32 63.97
K3 MEHAESLsHRERRERTESNE
Table3  Analysis of variance for acid value of low-calorie SLs
SRR TR HEE Jj % FIH. PIY
i) 1273 9 1.41 73342  <0.000 1
X, 75T 3.11 1 3.11 161330  <0.000 1
Xl B 0.67 1 0.67 34573 <0.000 1
XbpbE % 7.53 1 7.53 3901.55  <0.000 1
XX, 0.002 0 1 0.002 0 1.05 0.3397
XX, 0.48 1 0.48 246.78  <0.000 1
XX, 0.006 4 1 0.006 4 332 0.1113
X? 0.37 1 0.37 19025  <0.000 1
X2 0.066 1 0.066 34.24 0.000 6
X7 0.43 1 0.43 220.35 <0.000 1
T 0.014 7 0.002 0
AT 0.008 4 3 0.002 8 221 0.2292
aiiR 7 0.003 1 4 0.001 3
AR REL 0.998 9

VE: P<O01ERERNEE: 0.01<P<0.05FRERDE, P>0.05%
IREFALE. TH.

M3 45 Z BT e R AT LVE B3 IY, FIY, 1)
Ml AR EA 2 2, RN B2, ST RS
I, AT R AT R TN % T 43T 25 1 2 H00) B AR IR A
B SLsTR B AN AL 2 2 MR 2 AT AT

WA B g 52 B R AT S BT, U T
ES BN FEBIRE122 C . FIMEE#E 240 r/min.
BERME #2.0 mL/min, 5 TN A B SLs R AE B N
0.90 mg KOH/g, 4% H59.31%, SLbrfdEMERE N
0.93 mg KOH/g, 4lif%N60.25%, tIIERE Rt
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Table4  Analysis of variance for purity of low-calorie SLs

SR SR EHE I 7% Fi§ PfH
T 435.34 9 48.37 58.00  <0.000 1
X 75 109.59 1 109.59 13145  <0.000 1
Xl B i 13.08 1 13.08 15.67 0.005 5
X bR R 278.01 1 278.01 333.37  <0.000 1
XX, 2.50X107° 1 250X107° 3.0X107°  0.9958
XX, 0.85 1 0.85 1.015 0.3473
XX, 1.04 1 1.04 1.25 0.3009
X 0.43 1 0.434 0.52 0.495 1
X, 5.14 1 5.14 6.16 0.042 1
X7 26.26 1 26.26 31.49 0.000 8
T2 5.84 7 0.83
AT 4.15 3 1.38 3.29 0.140 3
AR 1.69 4 0.42

LY 0.986 8

24 fEIESLs SHPLCAH T

TETARIREESO Cy W B I 20 C . #HAEE 7]
0.1 Pa. ZRTHIEE 122 'C HIMRFL#240 r/min, ZEk}#E %
2.0 mL/minZk M F, 7T 28 WA MR A& SLs ™ i o
XK A SLs 2l A 5T A4l Ak J5 1 77 S ATHPLC /0 A, 45
RIS, BEEEAR A SLsFE i it 47 4 T 28 18 i BR B
T B N W R K 2R RIS, 283 4> SSLAYIL I &
SLsthZEMAH R T, W0 FAAMMRET, A2 R B
I, BRI ESLsAi .

12004 A
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T r 1 1T T T1 1 T T T 1
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I [ /min
SATEEMRIITR: LACEEMIITR -
HS5 {LRESLsshifbai (A) fzift/s (B) WHPLCHEI
Fig.5 HPLC chromatograms of low-calorie SLs before (A) and

after (B) purification

2.5 fRFIAESLs;” AR MR 1oy At

HRSTA, FORMEFRFEE, AFER & EE
80%ULL I, HWFINENIER . AWM. 2 WA
JI 0 BR T B AT IA B 12222, Bl e L O E A S A 7 1

A H AW AR T IR B N LU . ARSIEWT LA
RAAEESLs ™ ity v A B MR 117 R ZH 12 bU 1] 5 JEURL AR K I - i
HE TR AL LEBIAR L, AR B 5 il B AR A B SLs AL BRI
T, RIS ORBE TR B i W R A s LA

RS M ESLs™ B AR AR BR A R
Table 5 Fatty acid composition of low-calorie SLs product and rice bran oil

%
P _ JIE 0y P 5
Feokam R H B SLs™ i

Cayo — 34.654+1.26

Cioo 15.8740.56 9.31+0.42

Ciso 2.62+0.12 1.514+0.11

Cig 36.6340.83 26.3540.95

Cisa 38.7540.95 25.8340.82

Ciss 1.6740.13 1.38+0.12

HoAth 2.48+0.14 0.974+0.08

VE: — R EE
3. 4 #

ARSI R T 5 AR TR R g A Ak A TR
& B B SLs HEAT AL iF 78, 3 310 K 4518
D —Hr FRBLZSH: WAEES0 C. AR
fE20 C. FEVEJE 110.1 Pa. ZRUBIRIEO0 C . K4 i %
200 r/min. #FEHEZ2.0 mL/min, EMEME T, BRE TR
MESLsHI LR LR HEE. CRRH M —FaM =4
HlEE. 2) N T BEREAESLsHIRRE, 788N &R ilK
Bk b, SRR EERAL =R TR T 2 SRR
TR FIRR AL AR . DU AR SLs ) R 4 AN &l
PEma SiAE, P SL AR R AR R B3, T RR A
U, Af ORI S T3 ¥ 7508 S O A SLs B A 4l
JERIREm . 3) MR TS EON: TAEES0 C.
AUHRE20 C. BB 7701 Pay ZRIBIEE 122 C.
M5 240 r/min. HERE 2.0 mL/min, H&KHRE
SLs/™= & 25 40.93 mg KOH/g, 4% 760.25%. Sk
P SLsr= i AR DT R 20 BCHEAT 20 b, R I g 17 e
A R LA 5 TR HRE K S A UL o
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